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(57) A method of manufacturing an electron source 
with electron emitting elements is provided The method 
has a process of depositing a deposit substance in an 
area including at least an area of the electron emitting 
element from which area electrons are emitted. The de- 
positing process is performed in an atmosphere of a gas 
containing at least a source material of the deposit sub- 
stance, the gas having a mean free path allowing the 
gas to take a viscous flow state. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 



[0001] The present invention relates to a method of 
manufacturing an electron source with an electron emit- 
ting element, a method of manufacturing an image form- 
ing apparatus, and apparatuses for manufacturing 
these electron source and image forming apparatus. 

Related Background Art 

[0002] Two types of electron emitting elements are 
known as roughly classified into a thermal electron emit- 
ting element and a cold cathode electron emitting ele- 
ment. The types of a cold cathode electron emitting el- 
ement include a field emission type (hereinafter called 
an FE type, a metal/insulator/metal type (hereinafter 
called an MIM type), a surface conduction type electron 
emission type, and the like. 

[0003] Examples of the FE type are disclosed in "Field 
emission", by W. P. Dyke & W. W. Dolan, Advance in 
Electron Physics, 8, 89 (1956), "Physical properties of 
thin-film field emission cathodes with molybdenum 
cones", by C. A. Spindt, J. Appl. Phys., 47, 5248 (1976) 
and other papers. 

[0004] Examples of the MIM type are disclosed in 
•Operation of Tunnel-Emission Devices", by C A Mead 
J. Appl., Phys., 32, 646 (1961 ) and other papers. 
[0005] Examples of the surface conduction type elec- 
tron emission element are disclosed in Recio Eng Elec- 
tron Phys., by M. I. Elinson, 10, 1290 (1965) and other 
papers. 

[0006] The surface conduction type electron emitting 
element utilizes the phenomenon that when current is 
flowed in a thin film having a small area formed on a 
substrate in parallel to the film surface, electron emis- 
sion occurs. Reported thin films for a surface conduction 
type electron emitting element include an Sn0 2 thin film 
by Elinson, an Au thin film (-Thin Solid Films", 9, 317 
(1 972)), an In 2 0 3 /Sn0 2 thin film ("IEEE Trans. ED 'conf 
by M. Hartwell and C. G. Fonstad, 51 9 (1975)), a car- 
bon thin film ("Vacuum", by Hisashi ARAKI et al vol 
26, No. 1 p. 22 (1 983)), and the like. 
[0007] As a typical example of a surface conduction 
type electron emitting element, the structure of an ele- 
ment proposed by M. Hartwell is schematically shown 
m Fig. 16. In Fig. 16, reference numeral 1 represents a 
substrate, and reference numerals 2 and 3 represent el- 
ement electrodes. Reference numeral 4 represents a 
conductive thin film which is made of a metal oxide thin 
film having an H-character shape formed by sputtering 
An electron emitting area 5 is formed in the conductive 
thin film by a power conduction process called a power 
conduction forming process to be described later. A dis- 
tance L1 between the element electrodes is 0.5 to 1 mm, 
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and a width W of the conductive thin film 4 is 0 1 mm 
[0008] Conventionally, the electron emitting area 5 of 
a surface conduction type electron emitting element is 
generally formed in the conductive thin film 4 by the pow- 
s er conduction process called the power conduction 
forming process, before electron emission is enabled 
With the power conduction forming process, a d.c. volt- 
age or a voltage rising very gently, e.g., at' about 1 W 
mm is applied across the electrodes of the conductive 
" thin film 4 to locally break, deform, or decompose to form 
the electron emitting area 5 having a high electric resist- 
ance. 

[0009] Cracks or the like are formed in the electron 
emitting area 5 of the conductive thin film 4 and elec- 
trons are emitted from the cracks and nearby areas 
When a voltage is applied to the conductive thin film 4 
of a surface conduction type electron emitting element 
subjected to the power conduction forming process and 
current is flowed therethrough, electrons are emitted 
zo from the electron emitting area 5. 

[0010] Since the structure of a surface conduction 
type electron emitting element is simple and the manu- 
facture thereof is easy, a number of elements can be 
disposed in a large area. By utilizing this advantageous 
feature, various applications have been studied. For ex- 
ample, the surface conduction type electron emitting el- 
ement may be used for a charged beam source a dis- 
play device, and the like. As will be later described, as 
an example of disposing a number of surface conduc- 
30 tion type electron emitting elements, an electron source 
is known which has a number of rows disposed in par- 
allel each having a plurality of surface conduction type 
electron emitting elements each having both terminals 
being connected by wiring patterns (also called common 
35 wiring patterns) (e.g., JP-A-64-031 332, JP-A-1 -283749 
JP-A-2-257552, or the like). 

[0011] A flat panel type display device using liquid 
crystal has recently been prevailed as an image forming 
apparatus in place of a CRT. However, since the flat pan- 
^0 el type display device using liquid crystal is not of a self- 
light emission type so that a back light becomes neces- 
sary. Developments on a display device of a self-light 
emission type have long been desired. As a self-light 
emission type display device, an image forming appa- 
ls ratus is known which is a combination of an electron 
source with a number of surface conduction type elec- 
tron emitting elements and a fluorescent body capable 
of radiating visible rays upon application of electrons 
emitted from the electron source (eg U S P No 
50 5,066,883). 

[0012] The present applicant has proposed a surface 
conduction type electron emitting element having the 
structure schematically shown in Figs. 2A and 2B and 
an image forming apparatus using such electron emit- 
55 ting elements. The details of the structure of the electron 
emitting element and image forming apparatus and the 
manufacture methods thereof are described, for exam- 
ple, in JP-A-7-235255, JP-A-7-235275, JP-A-8-171849 
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and the like. 

[001 3] This surface conduction type electron emitting 
element is constituted of a pair of element electrodes 2 
and 3 facing each other on a substrate 1 , and a conduc- 
tive film 4 having an electron emitting area 5 connected 
between the element electrodes 2 and 3. The electron 
emitting area 5 is a high electric resistance area formed 
by locally breaking, deforming or decomposing the con- 
ductive film 4. Cracks or the like are formed in the elec- 
tron emitting area 5 of the conductive thin film 4. Elec- 
trons are emitted from the nearby area of the cracks. 
The electron emitting area and its nearby area is formed 
with a deposit film containing at least carbon. 
[0014] The conductive film is preferably made of con- 
ductive fine particles in order to form the electron emit- 
ting area of a proper performance by the power conduc- 
tion process (forming process) to be later described. 
[0015] The manufacture process will be described 
briefly with reference to Figs. 4A to 4C. 
[001 6] First, element electrode 2 and 3 are formed on 
a substrate 1 by suitable methods such as printing, vac- 
uum deposition, and photolithography techniques (Fig. 
4A). 

[0017] Next, a conductive film 4 is formed. The con- 
ductive film 4 may be deposited by vacuum deposition, 
sputtering or the like and patterned, or it may be formed 
by coating liquid which contains source material of the 
conductive film. 

[001 8] For example, solution of metal organic com- 
pound is coated and thermally decomposed to form a 
metal or metal oxide. In this case, a fine particle film can 
be formed under the proper film forming conditions. 
[0019] After the conductive film is formed, it may be 
pattern edtoa desired shape. Alternatively, as described 
in JP-A-9-69334, source material liquid may be coated . 
by an ink jet apparatus or the like to make it have a de- 
sired shape, and thereafter it is thermally decomposed 
to form a conductive film having a desired shape without 
using a patterning process. 

[0020] Next, an electron emitting area 5 is formed, a 
This area may be formed by applying a voltage across 
the element electrodes 2 and 3 and flowing current 
through the conductive film to locally deform or decom- 
pose the conductive film (power conduction forming 
process). The voltage is preferably a pulse voltage. 4 
Waveforms of the pulse voltage may have a constant 
peak value as shown in Fig. 5A, a peak value gradually 
increasing with time as shown in Fig. 5B, or a combina- 
tion of these. It is desired that while a forming pulse is 
not applied (during a period between pulses), a pulse si 
having a sufficiently low peak value is inserted to meas- 
ure a resistance value, and that when the resistance val- 
ue of the electron emitting area increases sufficiently, e. 
g., when it exceeds 1 MQ, the pulse application is 
stopped. S£ 
[0021] For this process, generally, the electron emit- 
ting element is placed in a vacuum chamber which may 
be evacuated by an evacuator, into which oxidizing gas 



may be introduced, or into which reducing gas may be 
introduced. A proper state is selected in accordance 
with the conditions such as the material quality of the 
conductive film or the like. 
s [0022] Next, an activating process is performed. This 
process deposits material containing at least carbons 
near on the electron emitting area formed by the forming 
process, to thereby increase the amount of electrons to 
be emitted. Generally, this process of depositing mate- 
io rial containing at least carbon is performed by placing 
an electron emitting element in a vacuum chamber, 
evacuating the inside of the chamber, and applying a 
pulse voltage across a pair of element electrodes to 
thereby decomposing and polymerizing organic materi- 
is a) present in the vacuum at a low partial pressure. The 
organic material may be introduced directly into the vac- 
uum chamber after it is evacuated, or it may be diffused 
into the vacuum chamber by using a proper apparatus 
such as an oil diffusing pump. 

[0023] It is preferable to perform a stabilizing process 
after the activating process. This process is performed 
in order to sufficiently remove organic material mole- 
cules attached to the electron emitting element, its near- 
by area, and the inner wall of a vacuum housing of the 

* electron emitting element, to thereby prevent material 
containing carbon from being thereafter deposited dur- 
ing the operation of the element and stabilize the char- 
acteristics of the element. 

[0024] More specifically, for example, an electron 
o emitting element is placed in a vacuum chamber (which 
may be the same chamber as used in the activating 
process), and the electron emitting element and vacuum 
chamber are heated while the vacuum chamber is evac- 
uated by an oil-free evacuator such as an ion pump. This 

* heating is performed in order to detach and sufficiently 
remove organic material molecules attached on the 
electron emitting element and on the inner wall of the 
vacuum chamber At the same time, or after the heating 
is stopped, if a drive voltage is applied to the electron 

> emitting element while the inside of the vacuum cham- 
ber is evacuated, the electron emission effect may be 
improved in some cases. Depending upon the kind of 
organic material introduced during the activating proc- 
ess, the electron emission effect may be improved by 
driving the electron emitting element in a high vacuum 
state of the vacuum chamber. The stabilizing process is 
therefore performed by a method most suitable for re- 
spective conditions. 

[0025] A typical example of the operation character- 
istics of the surface conduction type electron emitting 
element manufactured by the above-described method 
is shown in the graph of Fig. 7. This graph shows a re- 
lation between a current (element current) If flowing 
through the element upon application of a voltage Vf and 
an emission current le. Ic is very small as compared to 
If so that they are shown by arbitrary scales which are 
both linear scales. As seen from Fig. 7, the emission 
current le is non-linear having a threshold value (Vth) 
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relative to Vf. If Vf is Vth or smaller, le is substantially 0, 
whereas if Vf exceeds Vth, le rises abruptly. In the ex- 
ample shown in Fig. 7, similar to le, If has also a thresh- 
old value relative to VI and monotonously increases (Ml 
characteristics) above Vf equal to or higher than the s 
threshold value. However, depending upon the manu- 
facture processes and measurement conditions, If may 
have a voltage controlled type negative resistance (VC- 
NR characteristics). If the element has the VCNR char- 
acteristics, If-Vf characteristics are not stable, and al- 10 
though le has the Ml characteristics, the characteristics 
are not stable. The stable Ml characteristics may be ob- 
tained by performing the stabilizing process as dis- 
closed, for example, in J P-A-7 -235275. 
[0026] Since the relation between Vf and le is non- is 
linear having a definite threshold value, it is possible to 
emit electrons from a desired one of a plurality of elec- 
tron emitting elements disposed on a substrate in a ma- 
trix form and wired together. A simple matrix drive is 
therefore possible. 20 
[0027] An image forming apparatus using an electron 
source constituted of electron emitting elements has the 
electron source and an image forming member housed 
in a vacuum housing made of glass orthe like. This elec- 
tron source can be formed basically by the same method 25 
as above. In this case, instead of using a vacuum cham- 
ber, the vacuum housing made of glass and containing 
the electron source with conductive films and the image 
forming member may be used for the forming, activat- 
ing, and stabilizing processes by evacuating the inside 00 
of the vacuum housing. Since a specific vacuum cham- 
ber for manufacturing an image forming apparatus is not 
necessary, the apparatus can be manufactured with a 
simple manufacture system. 

[0028] Such an image forming apparatus has a great 55 
number of electron emitting elements integrated togeth- 
er. Highly sophisticated techniques are therefore re- 
quired to manufacture with high yield an electron source 
whose all electron emitting elements operate normally. 
If each process is performed by using the vacuum hous- 40 
ing containing the electron source and a defective ele- 
ment is formed during the process, it is impossible to 
repair it. Therefore, in manufacturing a large type or high 
precision type image forming apparatus having a great 
number of electron emitting elements, it is advanta- 45 
geous in some cases to perform each process by using 
a large vacuum chamber and thereafter house the elec- 
tron source and image forming member in a vacuum 
housing. 

[0029] Depending upon respective conditions, one of so 
the above-described two methods, or an intermediate 
method of performing some processes by using a vac- 
uum chamber and performing the remaining processes 
by housing the electron source and image forming ma- 
terial in a vacuum housing. ss 
[0030] As schematically shown in Fig. 1 3, an electron 
source wired in a ladder shape may be used to form an 
image forming apparatus such as schematically shown 



in Fig. 14. In this case, grid electrodes are provided for 
modulating the amount of electron rays reaching the im- 
age forming member. 

[0031 ] JP-A-9-330654 discloses a process of activat- 
ing surface conduction type electron emitting elements 
by using a mixture gas of organic material and carrier 

gas. 

SUMMARY OF THE INVENTION 

[0032] It is an object of the present invention to pro- 
vide techniques regarding the manufacture of an elec- 
tron source with an electron emitting element, capable 
of lowering a manufacture cost, shortening a manufac- 
ture time, and improving the characteristics of a manu- 
factured electron emitting element. 
[0033] According to one aspect of the present inven- 
tion, a method of manufacturing an electron source with 
an electron emitting element is provided which compris- 
es the steps of: depositing a deposit substance in an 
area including at least an area of the electron emitting 
element from which area electrons are emitted, wherein 
the depositing step is performed in an atmosphere of a 
gas containing at least a source material of the deposit 
substance, the gas having a mean free path allowing 
the gas to take a viscous flow state. 
[0034] According to another aspect of the invention, 
a method of manufacturing an electron source with an 
electron emitting element is provided which comprises 
the steps of: depositing a deposit substance in an area 
including at least an area of the electron emitting ele- 
ment from which area electrons are emitted, wherein the 
depositing step is performed in an atmosphere of a gas 
containing at least a source material of the deposit sub- 
stance, the gas atmosphere having a pressure of 1 Pa 
or higher. 

[0035] In the first and second aspects of the invention, 
the deposit substance area from which electrons are 
emitted may be an area from which electrons can be 
emitted before the depositing step. 
[0036] The gas may be a gas made of a source ma- 
terial of the deposit substance diluted with dilution gas 
such as inert gas. 

[0037] The gas may be a gas containing a source ma- 
terial of the deposit substance, and a gas of nitrogen, 
helium, or argon. 

[0038] The gas may be a gas containing carbon or 
carbon compound, and a gas of nitrogen, helium, or ar- 
gon. 

[0039] The depositing step may deposit the deposit 
substance by applying a voltage across the area from 
which electrons are emitted, under the atmosphere. 
[0040] The area from which electrons are emitted may 
be near at a first gapped area between conductive ma- 
terials facing each other, and the depositing step may 
deposit the deposit substance over the facing conduc- 
tive materials to form a second gapped area narrower 
than the first gapped area. 
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[0041] The first and second aspects of the invention 
may further comprise a first gapped area forming step 
of forming the first gapped area. The first gapped area 
forming step may the first gapped area by supplying a 
power to the conductive film where the first gapped area 
is formed. 

[0042] The first gapped area forming step may be per- 
formed at a pressure nearly equal to the pressure used 
for the depositing step. 

[0043] The first gapped area forming step and the de- 
positing step may be performed at an approximately at- 
mospheric pressure. 

[0044] In the first and second aspects of the invention, 
the first gapped area forming step may be performed in 
an inert gas, in an oxidizing gas or a mixture gas con- 
taining oxidizing gas, or in a reducing gas or a mixture 
gas containing reducing gas. 

[0045] In the first and second aspects of the invention, 
the depositing step may be performed in a container ca- 
pable of being evacuated into the atmosphere. 
[0046] The container may be a product housing the 
electron emitting element therein, an envelope of an im- 
age forming apparatus to be described later, or a man- 
ufacture system including a chamber different from an 
electron source or a product such as an image forming 
apparatus using the electron source. In this case, a step 
after the depositing step is completed may be performed 
by using a container different from the container used 
during the depositing step. 

[0047] The container used during the depositing step 
may be provided with means for diffusing the gas. The 
diffusing means may be a mesh. 
[0048] The depositing step may be performed by in- 
troducing the gas into the container, or by flowing the 
gas through the container. A method of introducing or 
flowing the gas into or through the container may use 
positive introducing means such as propellers and 
pumps. 

[0049] The depositing step may be performed in a 
container having an inlet port and an outlet port for the 
gas. During the depositing step, the gas drained from 
the container may be again introduced into the contain- 
er. Means for again introducing the gas may be positive 
introducing means (circulating means) such as propel- 
lers and pumps. Before the gas is again introduced into 
the container, unnecessary substances may be reduced 
from the gas drained from the container. 
[0050] After the depositing step, moisture in the gas 
may be reduced. 

[0051] The electron emitting element is preferably a 
cold cathode electron emitting element. It may be used 
properly as a surface conduction type electron emitting 
element. 

[0052] The invention is particularly effective for form- 
ing a number of electron emitting elements. 
[0053] According to a third aspect of the invention, a 
method of manufacturing an image forming apparatus 
having an electron source and an image forming mem- 



ber for forming an image by using electrons radiated 
from the electron source is provided which comprises 
the step of integrating the image forming member with 
an electron source manufactured by the above-de- 
5 scribed manufacture method. 

[0054] According to a fourth aspect of the invention, 
a manufacture apparatus for manufacturing an electron 
source with an electron emitting element is provided 
which comprises: a container capable of introducing a 
10 gas thereinto; and means for introducing the gas in the 
container, the gas containing at least a source material 
of a deposit substance deposited in an area at least in- 
cluding an area of the electron emitting element from 
which electrons are emitted, wherein the introducing 
is means introduces the gas in a viscous flow state. 

[0055] According to a fifth aspect of the invention, a 
manufacture apparatus for manufacturing an electron 
source with an electron emitting element is provided 
which comprises: a container capable of introducing a 
20 gas thereinto; and means for introducing the gas in the 
container, the gas containing at least a source materia! 
of a deposit substance deposited in an area at least in- 
cluding an area of the electron emitting element from 
which electrons are emitted, wherein the introducing 
25 means introduces the gas at 1 Pa or higher of the at- 
mosphere in the container. 

[0056] In the third to fourth aspects of the invention, 
the introducing means may be an inlet port and an outlet 
port mounted on the container, a gas source such as a 
^o bomb containing a gas or a source material of the gas 
such as liquid, or introducing pipes. 
[0057] The manufacture apparatuses may further 
comprise circulating means for introducing the gas 
drained from the container again into the container, or 
55 pipe means for introducing the gas drained from the con- 
tainer again into the container. The manufacture appa- 
ratuses may further comprise means for removing mois- 
ture in the gas to be again introduced into the container 
[0058] The container may cover a member such as 
^0 the substrate including at least the area where the de- 
posit substance is formed. 

[0059] The manufacture apparatuses may include 
transport means for transporting a member containing 
at least the area where the deposit substance is formed, 
45 into the container. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0060] Fig. 1 is a schematic diagram showing an ex- 
50 ample of a surface conduction type electron emitting el- 
ement manufacture system according to the invention. 
[0061] Figs. 2A and 2B are a schematic plan view and 
cross sectional view showing the structure of a surface 
conduction type electron emitting element applicable to 
55 the invention. 

[0062] Fig. 3 is a schematic diagram showing the 
structure of a vertical surface conduction type electron 
emitting element applicable to the invention. 
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[0063] Figs. 4A, 4B and 4C are schematic diagrams 
illustrating an example of a manufacture method for a 
surface conduction type electron emitting element ap- 
plicable to the invention. 

[0064] Figs. 5A and 5B are schematic diagrams 
showing example of the voltage waveform usable by a 
power conduction forming process of a manufacture 
method for a surface conduction type electron emitting 
element applicable to the invention. 
[0065] Fig. 6 is a schematic diagram showing an ex- 
ample of a vacuum process system provided with a 
measurement/evaluation function. 
[0066] Fig. 7 is a graph showing an example of the 
relation among an emission current Je, an element cur- 
rent If, an element voltage Vf, respectively of a surface 
conduction type electron emitting element applicable to 
the invention. 

[0067] Fig. 8 is a schematic diagram showing an ex- 
ample of an electron source with a simple matrix layout 
applicable to the invention. 

[0068] Fig. 9 is a schematic diagram showing an ex- 
ample of a display panel of an image forming apparatus 
applicable to the invention. 

[0069] Figs. 10A and 10B are schematic diagrams 
showing examples of a fluorescent film. 
[0070] Fig. 1 1 is a block diagram showing an example 
of a drive circuit for displaying NTSC television signals 
on an image forming apparatus. 
[0071] Fig. 1 2 is a schematic diagram showing a vac- 
uum evacuator system used for the forming and activat- 
ing processes for an image forming apparatus accord- 
ing to the invention. 

[0072] Fig. 1 3 is a schematic diagram showing an ex- 
ample of an electron source of a ladder layout applicable 
to the invention. 

[0073] Fig. 1 4 is a schematic diagram showing an ex- 
ample of a display panel of an image forming apparatus 
applicable to the invention. 

[0074] Fig. 15 is a schematic diagram illustrating a 
wiring method during the forming and activating proc- 
esses for an image forming apparatus according to the 
invention. 

[0075] Fig. 1 6 is a schematic diagram showing an ex- 
ample of a conventional surface conduction type elec- 
tron emitting element. 

[0076] Figs. 17A, 17B and 17C are schematic dia- 
grams showing the process system used by the activat- 
ing process of a manufacture method according to the 
invention. 

[0077] Fig. 1 8 is a schematic diagram showing an ex- 
ample of the structure of a vacuum process system used 
by the image forming apparatus manufacture method 
according to the invention. 

[0078] Fig. 1 9 is a schematic diagram showing an ex- 
ample of the structure of a bubbling apparatus used by 
the electron emission apparatus manufacture method 
according to the invention. 

[0079] Fig. 20 is a schematic plan view showing the 



structure of an electron source with a matrix wiring pat- 
tern applicable to the invention. 

[0080] Fig. 21 is a schematic cross sectional view 
showing the structure of the electron source taken along 
5 a polygonal line of Fig. 20. 

[0081] Fig. 22 is a diagram illustrating some of an 
electron source manufacture process according to the 
invention. 

[0082] Fig. 23 is a diagram illustrating some of the 
10 electron source manufacture process according to the 
invention. 

[0083] Fig. 24 is a diagram illustrating some of the 
electron source manufacture process according to the 
invention. 

'5 [0084] Fig. 25 is a diagram illustrating some of the 
electron source manufacture process according to the 
invention. 

[0085] Fig. 26 is a diagram illustrating some of the 
electron source manufacture process according to the 
20 invention. 

[0086] Fig. 27 is a diagram illustrating some of the 
electron source manufacture process according to the 
invention. 

[0087] Fig. 28 is a diagram illustrating some of the 
25 electron source manufacture process according to the 
invention. 

[0088] Fig. 29 is a flow chart illustrating an electron 
source manufacture method according to the invention 
[0089] Figs. 30A and 30B are schematic diagrams 
30 showing examples of the structure of a process cham- 
ber applicable to the invention. 

[0090] Fig. 31 is a schematic diagram showing the 
structure of a continuous process system applicable to 
the invention. 

35 [0091] Figs. 32A, 32B, 32C, 32D and 32E are sche- 
matic diagrams showing an example of a method of 
manufacturing an electron source with a matrix wiring 
pattern. 

[0092] Fig. 33 is a schematic diagram illustrating a 
*o wiring method used by the electron source manufacture 
method according to the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
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[0093] Embodiments of the invention will be de- 
scribed with reference to the accompanying drawings. 

(First Embodiment) 

[0094] The outline of embodiments of the invention 
will be described first. 

[Outline Structure of Manufacture System] 

[0095] Fig. 1 is a schematic diagram showing an ex- 
ample of a manufacture system for a surface conduction 
type electron emitting element. 



6 



11 



EP 0 908 916 A1 



12 



[0096] In Fig. 1, reference numeral 1 represents a 
substrate, reference numerals 2 and 3 represent ele- 
ment electrodes, reference numeral 4 represents a con- 
ductive thin film, reference numeral 54 represents an 
anode electrode for capturing electrons emitted from an 
electron emitting area of the element, reference numeral 
55 represents a vacuum chamber, reference numeral 
132 represents a pipe, reference numeral 135 repre- 
sents an evacuator, reference numeral 136 represents 
a pressure gauge, reference numeral 137 represents a 
quadrature mass spectrometer, reference numeral 139 
represents a dose control means, reference numeral 
140 represents a substance source, reference numeral 
201 represents a circulator, reference numeral 202 rep- 
resents a moisture absorber, and reference numeral 
203 represents a valve. 

[0097] Gas to be used for activation is introduced from 
the substance source 140 into the vacuum chamber 55 
via the dose control means 1 39. 

[0098] Although not shown, power sources to be later 
described with reference to Fig. 6 are connected to the 
element electrodes 2 and 3 and anode electrode 54 in 
the vacuum chamber 55. 

[0099] During the activating process, only valves 
203B and 203C connected to the circulator and moisture 
absorber are opened, and other valves 203A and 203D 
are closed. Therefore, the activating process can be 
performed while a pressure distribution in the vacuum 
chamber is maintained constant, and moisture pro- 
duced in the vacuum chamber can be efficiently re- 
moved. 

[0100] The fundamental structure of a surface con- 
duction type electron emitting element applicable to the 
invention is roughly classified into a horizontal type and 
a vertical type. 



[Element Electrode] 



[0105] General conductive material may be used as 
the material of a pair of facing element electrodes 2 and 
s 3. For example, the material may be selected as desired 
from: metal such as Ni, Cr, Au, Mo, W, Pt, Ti, Al, Cu, and 
Pd or alloy thereof; printed conductive material consti- 
tuted of metal or metal oxide such as Pd, Ag, Au, Ru0 2 , 
and Pd-Ag, glass and the like; transparent conductive 
10 material such as In 2 0 3 -Sn0 2 ; and conductive material 
made of semiconductor material such as polysilicon. 
[0106] An element electrode space L, an element 
electrode length W, a shape of the conductive thin film 
4, and the like are designed depending upon application 
is fields. The element electrode space L is preferably in a 
range from several hundreds nm to several hundreds 
u-m, or more preferably in a range from several number 
ujti to several tens um 

[0107] The element electrode length W may be in a 
20 range from several number ujti to several hundreds um 
by taking into account the element resistance value and 
electron emission characteristics. A film thickness d of 
the element electrodes 2 and 3 may be in a range from 
several tens nm to several number um 
25 [0108] Instead of the structure shown in Fig. 2A and 
2B, a structure of a conductive thin film 4 and facing el- 
ement electrodes 2 and 3 sequentially laminated in this 
order on a substrate 1 may also be used. 

30 [Conductive Thin Film] 



[Horizontal Type Electron Emitting Element] 

[0101] First, a horizontal type surface conduction 
electron emitting element will be described. 
[01 02] Figs. 2A and 2B are schematic plan and cross 
sectional views showing the structure of a horizontal 
type surface conduction electron emitting element ap- 
plicable to the invention. 

[0103] In Figs. 2A and 2B, reference numeral 1 rep- 
resents a substrate, reference numerals 2 and 3 repre- 
sent element electrodes, reference numeral 4 repre- 
sents a conductive thin film, and reference numeral 5 
represents an electron emitting area. 

[Substrate] 

[01 04] The substrate 1 may be made of quartz glass, 
glass with a reduced concentration of impurities such as 
Na, blue plate glass, Si0 2 laminated through sputtering 
or the like, ceramics such as alumina, Si, or the like. 



[0109] It is preferable that the conductive thin film 4 is 
made of a fine particle film containing fine particles. 
[0110] The thickness of the conductive thin film 4 is 
3S set as desired, by taking into account the step coverage 
relative to the element electrodes 2 and 3, the resistance 
value between the element electrodes 2 and 3, forming 
process conditions to be described later, and the like. 
Generally, the thickness is preferably set in a range from 
w a multiple of 0.1 nm by several times to several hun- 
dreds nm, or more preferably in a range from 1 nm to 
50 nm. 

[0111] The resistance value Rs of the conductive film 
is 102 to 1 0 7 QO Rs is defined by R = Rs(l/w) where R 
45 is a resistance of a thin film having a thickness t, a width 
w, and a length 1 . 

[0112] In this specification, a power conduction proc- 
ess is described illustratively as the forming process. 
The forming process is not limited only to the power con- 

so duction process, but the forming process is intended to 
include any other process which can form cracks in the 
film and produce a high resistance. 
[011 3] The material of the conductive thin film 4 may 
be selected as desired from: metal such as Pd, Pt, Ru, 

55 Ag, Au, Ti, In, Cu, Cr, Fe, Zn, Sn, Ta, W, and Pd" oxide 
such as PdO, Sn0 2 , ln 2 0 3t PbO, and Sb 2 0 3 ; boride 
such as HfB 2 , ZrB 2 , LaB 6 , CeB 6 , YB 4 , and GdB 4 ; car- 
bide such as TiC, ZrC, HfC, TaC, SiC, and WC- nitride 
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such as TIN, ZrN, and HfN; semiconductor such as Si 
and Ge; carbon; and the like. 

[Fine Particles] 

[01 14] A fine particle film is intended herein to mean 
a film made of an aggregation of a plurality of fine par- 
ticles. In this fine structure of the fine particle film fine 
particles are distributed in a dispersed manner dis- 
posed adjacent to each other, or superposed upon each 
other (including an island structure of fine particles) The 
diameter of a fine particle is in a range from a multiple 
of 0.1 nm by several times to several hundreds nm or 
preferably in a range from 1 nm to 20 nm. 
[01 1 5] The meaning of the term "fine particles" often 
used in this specification will be described. 
[0116] It is prevailing that a small particle is called a 
fine particle", a partial smaller than this is called an "ul- 
tra fine particle", and a particle smaller than the "ultra 
fine particle" having several hundreds atoms or less is 
called a "cluster". 

[0117] The boundaries among these terms are not 
strictly determined, and change based upon the quality 
to which attention is paid. The "fine particle" and "ultra 
fine particle" are collectively called "fine particle" in 
some cases. This specification conforms with this defi- 
nition. 

[0118] The following description is found in "Experi- 
mental Physics Lecture 14, Surface • Fine Particles" 
edrted by Kunio KISHITA, Kyoritsu Shuppan, published 
on September 1 , 1 986. 

[0119] "in this discussion, it is intended that the term 
fine particle" means a particle having a diameter from 
about 2 to 3 um to about 1 0 nm, and the term "ultra fine 
part.de" used where applicable means a particle having 
a diameter from about 10 nm to about 2 to 3 nm Both 
the fine particle and ultra fine particle are collectively 
called simply a fine particle in some cases, and the dis- 
crimination between these terms is not strict, but these 
terms are used to roughly discriminate therebetween If 
the number of atoms constituting a particle is two to 
about several tens to several hundreds, the particle is 
called a cluster." (page 195, rows 22 to 26). For refer- 
ence sake, the smallest particle diameter of the "ultra 
fine particle- defined by "HAYASHI • Ultra Fine Particle 
Project", New Technology Development Institute is 
smaller than the above definition, and the followinq de- 
scription is found. 

[01 20] "in the "Ultra Fine Particle Project" by Creative 
Science and Technology Propagation System (1981 to 
1986), a particle having a diameter in a range of about 
1 to 100 nm is called an "ultra fine particle" With this 
definition, one ultra fine particle is an aggregation of 100 
to 10° atoms. From the viewpoint of atomic scale the 
ultra fine particle is a large particle or a giant particle ■ 
(Ultra Fine Particles - Creative Science and Technology 

r^ltl** by Chikara HAYASH| . Ryouji UEDA, Akira 
TAZAKI, Mita Shuppan, 1988, page 2, rows 1 to 4) "A 



particle smaller than an ultra fine particle, i e one par- 
ticle having several atoms to several hundreds atoms is 
generally called a cluster." (Same Publication paqe 2 
rows 12 and 13). M 
s [0121] Basing upon the general terminology de- 
scribed above, the term fine particle" used in this spec- 
if.cat.on is intended to mean an aggregation of a number 
of atoms and molecules having a smallest particle di- 
ameter of a multiple of 0. 1 nm by several times to about 
1 nm and a largest particle diameter of about several 
number urn. 

[Electron Emitting Area] 

« [0122] The electron emitting area 5 has high resist- 
ance cracks and the like locally formed in the conductive 
thin film 4. The characteristics of the electron emitting 
area 5 depend on the thickness, quality, and material of 
the conductive thin film 4, a power conduction forming 
*> process to be described later, and other factors The 
electron emitting area 5 has in some cases conductive 
fine particles having a diameter in a range from a mul- 
tiple of 0. 1 nm by several times to several tens nm The 
conductive fine particle contains some or all elements 
constituting the material of the conductive thin film 4 
After an activating process, the electron emitting area 
has a deposit substance of carbon, carbon compound 
or both. This deposit substance exists also on the con- 
^ ductive thin film 4 near the electron emitting area 5. 

[Vertical Type Surface Conduction Electron Emittino 
Element] a 



[0123] Next, a vertical type surface conduction elec- 
ts tron emitting element will be described. 

[0124] Fig. 3 is a schematic diagram showing an ex- 
ample of a vertical type surface conduction electron 
emitting element to which a surface conduction type 
electron emitting element of the invention is applicable 
40 jp 12 5] In Fig. 3, like elements to those shown in Fig' 
2 are represented by identical reference numerals Ref- 
erence numeral 21 represents a step forming member 
A substrate 1 , element electrodes 2 and 3, a conductive 
thin film 4, and an electron emitting area 5 can be formed 
by using the same materials as those of the horizontal 
type surface conduction electron emitting element de- 
scribed above. The step forming member 21 may be 
made of insulating material such as Si0 2 through vac- 
uum deposition, printing, sputtering or the like. A thick- 
ness of the step forming member 21 may be in a ranqe 
from several hundreds nm to several tens u.m corre- 
sponding to the element electrode space L of the hori- 
zontal type surface conduction electron emitting ele- 
merit. The thickness of the step forming member 21 is 
preferably in a range from several tens nm to several 
number um, which thickness is determined by taking in- 
to account the manufacture method for the step forming 
member and a voltage applied across the element elec- 
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trodes. 

[01 26] After the element electrodes 2 and 3 and step 
forming member 21 are formed, the conductive thin film 
4 is laminated upon the element electrodes. In Fig. 3, 
although the electron emitting area 5 is formed on the 
side wall of the step forming member 21 , the shape and 
position of the electron emitting area 5 are not limited 
only thereto, but may be changed based upon the step 
forming conditions and power conduction forming proc- 
ess conditions. 



[Manufacture Method of Surface Conduction Electron 
Emitting Element] 



[0127] There are various methods of manufacturing a 
surface conduction type electron emitting element. One 
of the methods are schematically shown in Figs 4A to 
4C. 

[0128] An example of the manufacture method will be 
described with reference to Figs. 2A and 2B and Figs 
4A to 4C. In Figs. 4A to 4C, like elements to those shown 
in Figs. 2A and 2B are represented by using identical 
reference numerals. 

[0129] 1 ) The substrate 1 is fully cleaned with rinsing 
liquid, pure water, organic solvent and the like. Element 
electrode material is deposited on the substrate 1 
through vacuum deposition, sputtering or the like and 
patterned through photolithography to form the element 
electrodes (Fig. 4A). 

[0130] 2) Organic metal solution is coated on the sub- 
strate 1 with the element electrodes 2 and 3 to form an 
organic metal thin film. The organic metal solution may 
be a solution of organic metal compound containing as 
its main compositions the metal material of the conduc- 
tive film 4 described earlier. The organic metal thin film 
is heated and cured, and thereafter patterned through 
lift-off, etching and the like to form the conductive thin 
film 4 (Fig. 4B). The conductive thin film 4 may be formed 
not only by coating organic metal solution but by vacuum 
deposition, sputtering, chemical vapor deposition, dis- 
persion coating, dipping, spinner or the like. Solution of 
the organic metal compound may be applied to a de- 
sired surface area of the substrate 1 as droplets from 
an ink jet printer. In this case, the patterning process by 
lift-off, etching and the like is not necessary. 
[0131] 3) [Forming process] Next, the forming proc- 
ess is performed. As an example of the forming process, 
a power conduction process will be described. As power 
is supplied from an unrepresented power source be- 
tween the element electrodes 2 and 3, the electron emit- 
ting area 5 with a changed internal structure is formed 
in the conductive thin film 4 (Fig. 4C). With the power 
conduction forming process, the conductive thin film 4 
is locally broken, deformed, or decomposed to form the 
changed internal structure of the conductive thin film 4 
which constitutes the electron emitting area 5. 
[01 32] Examples of the voltage waveform used by the 
power conduction forming process are shown in Figs. 



5A and 5B. A voltage waveform is preferably a pulse 
waveform. Voltage pulses having a constant peak volt- 
age are sequentially applied as shown in Fig. 5A, or volt- 
age pulses gradually rising its peak voltage are applied 
5 as shown in Fig. 5B. 

[0133J T1 and T2 shown in Fig. 5A are a pulse width 
and a pulse interval of the voltage pulses. Generally, T1 
is set in a range from 1 usee to 10 msec, and T2 is set 
in a range from 10 usee to several hundreds msec The 
io peak value of a triangular wave (peak voltage during the 
power conduction forming process) is selected as de- 
sired in accordance with the type of a surface conduc- 
tion type current emitting element. Voltage pulses are 
sequentially applied for several seconds to several tens 
minutes under such conditions. The pulse voltage wave- 
form is not limited only to a triangular wave, but other 
waveforms such as a rectangular wave may also be 
used. 

?n f°l 341 Tl andT2 sh °wninFig.5B may be set similar 
to those shown in Fig. 5A. The peak value of a triangular 
wave (peak voltage during the power conduction form- 
ing process) may be incremented, for example, by about 
0.1 V step. 

[01 35] A completion of the power conduction forming 
process can be detected by applying a voltage during 
the interval T2 between pulses and measuring a current 
the applied voltage not locally breaking and deforming 
the conductive thin film 2. For example, a voltage of 
about 0. 1 V is applied and an element current is meas- 
ured to calculate the resistance value. If the resistance 
value of 1 ua or higher is detected, the power conduc- 
tion forming process is terminated. 
[0136] In addition to the above forming process other 
forming processes may also be applied if they can prop- 
55 erly form an electron emitting area. 

[01 37] 4) [Activating Process] A process called an ac- 
tivating process is performed for the element after the 
forming process. With the activating process, the ele- 
ment current If and emission current le can be chanqed 
40 considerably. 

[0138] An example of the system usable by the acti- 
vating process is shown in Fig. 1 . 
[0139] Similar to the power conduction forming proc- 
ess, the activating process of this embodiment sequen- 
45 tially applies pulse voltages under an atmosphere of a 
mixture gas of an inert gas such as nitrogen and helium 
and a gas containing organic material. 



[Pressure for Introducing Mixture Gas for Forming 
50 Viscous Flow Region] 



[0140] A pressure for introducing the mixture gas is 
set so that the mean free path X of gas molecules con- 
stituting the mixture gas is sufficiently shorter than a typ- 
55 ,cal size of the inner space in which an electron emitting 
element is placed (e.g., shorter than an inner diameter 
of a vacuum chamber, a distance between a substrate 
and a face plate of an image forming apparatus to be 
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described later. This realizes a so-called viscous flow 
region. Specifically, if the mixture gas contains nitrogen 
and the typical size is 5 mm, the pressure for introducing 
the mixture gas is about 1 Pa. This pressure is only il- 
lustrative and the other pressure may be adopted if the 
viscous flow region can be realized. Generally, the pres- 
sure is preferably in a range from 100 Pa to about at- 
mospheric pressure. 

[Approximately Atmospheric Pressure] 

[01 41] An ■approximately atmospheric pressure" is a 
pressure in a range from about 0.5 atmospheric pres- 
sure to about 1.5 atmospheric pressure, or more pref- 
erable in a range of 1 atomic pressure +/- 20 % which 
ranges do not require very severe air tightness or me- 
chanical strength of the process system in orderto main- 
tain the atmosphere of the process system. 

[Technical Meaning Why Activating Process is 
Performed at Approximately Atmospheric Pressure] 

[0142] The technical meaning why the activating 
process ,s performed at an approximately atmospheric 
pressure will be described. The activating process is 
considered as a king of CVD (chemical vapor deposi- 
tion) for generating deposit substance by polymerizing 
or decomposing organic material by electron collision or 
Joule heat. A general CVD includes an atmospheric 
pressure CVD and a low pressure CVD. The atmospher- 
ic pressure CVD forms a deposit film through thermal 
decomposition or the like by introducing source gas into 
a chamber, whereas the low pressure CVD forms a de- 
posit film through thermal decomposition or the like un- 
der a low pressure by introducing source gas after the 
inside of the chamber is made in a vacuum state. 
[0143] The pros and cons of the atmospheric CVD 
and low pressure CVD will be described. 
[01 44] The cons of the atmospheric CVD are: 

1) Source gas is likely to become excessive and 
the deposit film may become high polymer (contain- 
ing C); 

2) Dilution gas may be contained in a deposit film 
depending upon a selection of dilution gas, e g if 
N 2 is used as dilution gas, N is contained in'the de- 
posit film; and 

3) A distribution in composition of a deposit film is 
likely to occur because the gas concentration dis- 
tributes from a gas inlet port to a gas outlet port as 
gas is consumed. 

[0145] The pro of the atmospheric CVD is a large deo- 
osition rate. H 

[01 46] The cons of the low pressure CVD are: 

1) A deposition rate is low; and 

2) Dilution gas may be contained in a deposit film 
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depending upon a selection of dilution gas e g if 
N 2 is used as dilution gas, N is contained in the de- 
posit film. 

[0147] A con of the low pressure CVD is that source 
gas does not become excessive, and the deposit film in 
a high polymer (containing C) is rare. 
[01 48] As above the atmospheric pressure CVD and 
low pressure CVD have advantages on one side and 
disadvantages on the other side. 
[01 49] The present inventors have found that if the ac- 
tivating process is performed by the atmospheric pres- 
sure CVD, the cons of the general atmospheric pressure 
CVD will not occur. 

[01 50] The reasons why the cons of the atmospheric 
pressure CVD do not occur even if the activating proc- 
ess is performed at an atmospheric pressure, may be 
ascribed to the following: 

1) High polymer is hard to be produced, because 
the temperature near at the cracks during the acti- 
vating process is high and activated materials are 
not changed to high polymer but thermally decom- 
posed to produce graphite or the like; 

2) A distribution in composition of a deposit film is 
small, because although a general atmospheric 
pressure CVD decomposes introduced gas with a 
heated filament and deposits precursor, the activat- 
ing process decomposes only molecules attached 
to the cracks of the electron emitting area and pro- 
duces graphite or the like so that the introduced 
source gas is consumed less; and 

3) Dilution gas is hard to be contained in a deposit 
film because graphite or the like is produced from 
the same reason as 1 ). 



40 



45 



[0151] During the activating process, the deposition 
rate ,s faster at the atmospheric pressure than at the low 
pressure. This is because an amount of attached gas is 
determined by an introduced gas pressure and the like 
and the speed of producing graphite and the like in- 
creases during the activating process. 
[01 52] By performing the activating process at an ap- 
proximately atmospheric pressure, the process system 
can be simplified as compared to a vacuum process sys- 
tem, and in addition, the time required for evacuating 
the vacuum process system can be omitted and a man 
ufacture time can be shortened. 



so 



[Circulator, Moisture Absorber] 



55 



[0153] During the activating process, the circulator 
201 externally mounted on the chamber is activated to 
uniformly transport the introduced mixture gas in the 
whole space of the chamber. The moisture absorber 202 
is mounted on the air suction side or air drain side of the 
circulator to efficiently remove moisture produced in the 
chamber. 
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[01 54] The circulator may be fan type propellers, me- 
chanical pumps such as a Roots pump and a membrane 
pump, and the like. The moisture absorber may be dry- 
ing agent such as silica gel and molecular sheaves, ma- 
terial deliquescence material such as P 2 O s , trap f reezed s 
lower to a freezing point, and the like. 
[0155] A mixture partial pressure of the material to be 
mixed is set properly depending upon the application 
fields, the shape of a vacuum chamber, the kind of or- 
ganic material, and the like. Generally, a mixture partial 10 
pressure is preferable set to about 1/1 0 6 to about 1/1 0 4 
of the total pressure. 



[Source Gas] 
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[0156] The organic material to be mixed may be: 
aliphatic hydrocarbon such as alkane acid, alkene, and 
alkyne; aromatic hydrocarbon; alcohol; aldehyde; ke- 
tone; amine; and organic acid such as phenol; carvone; 
or sulfonic acid. More specifically, the organic material 20 
may be: saturated hydrocarbon typically methane, 
ethane and propane; unsaturated hydrocarbon having 
a composition C n H 2n or the like such as ethylene and 
propylene; benzene; toluene; methanol; ethanol; for- 
maldehyde; acetaldehyde; acetone; methylethyl ke- 25 
tone; methylamine; ethylamine; phenol; formic acid; 
acetic acid; propionic acid; or a mixture thereof. 
[0157] With the activating process, carbon or carbon 
compound is deposited derived from organic material 
present in the atmosphere onto the element, so that the 30 
element current If and emission current le change con- 
siderably. 

[0158] A completion of the activating process is 
judged properly by measuring the element current If and 
emission current le. The pulse width, pulse interval, 35 
pulse peak value are set properly. 

[Deposit Substance Containing Carbon as Its 
Constituent Element] 

40 

[0159] The deposit substance containing at least car- 
bon as its constituent element may be graphite or amor- 
phous carbon. The graphite contains so-called HOPG, 
PG, or GC. HOPG has a perfect graphite crystal struc- 
ture. PG has a crystal structure slightly disturbed and 45 
having a crystal grain of about 200 angstroms. GC has 
a crystal structure more disturbed and having a crystal 
grain of about 20 angstroms. The amorphous carbon in- 
cludes amorphous carbon itself and a mixture of amor- 
phous carbon and fine crystals of graphite. The deposit so 
substance is therefore made of carbon, carbon com- 
pound, or a mixture of carbon and carbon compound. 
[0160] A thickness of the deposit substance is prefer- 
ably 50 nm or thinner, and more preferably 30 nm or 
thinner. 55 
[0161] 5) [Stabilizing Process] It is preferable to per- 
form a stabilizing process for an electron emitting ele- 
ment formed by the above processes. This stabilizing 



process is a process of draining organic material in the 
vacuum chamber. The evacuator for evacuating the in- 
side of the vacuum chamber is preferably an evacuator 
of the type not using oil, so that the performance of the 
element may not be degraded by oil. Specifically, the 
evacuator may be a sorption pump, an ion pump or the 
like. 

[0162] The partial pressure of organic components in 
the vacuum chamber is preferably 1 .3 X 10" 6 Pa or low- 
er, or more preferably 1.3 X 1 0' 8 Pa or lower, which par- 
tial pressures prevent carbon or carbon compound from 
being newly deposited. When the inside of the vacuum 
chamber is evacuated, it is preferable to heat the vacu- 
um chamber so that organic material attached to the in- 
ner wall of the vacu urn chamber and to the electron emit- 
ting element becomes easy to be drained. The heating 
conditions are 80 to 250°C and preferably 150°C or 
higher and it is desired to perform the heating process 
as long as possible. The heating conditions are not lim- 
ited only to the above conditions, but the heating condi- 
tions may be determined as desired depending upon 
various conditions such as the size and shape of a vac- 
uum chamber and the structure of an electron emitting 
element. It is necessary to maintain the pressure in the 
vacuum chamber as low as possible, and the pressure 
is preferable 1.35" 5 Pa or lower, or more preferably 1 3 
X 10' 6 Pa or lower. 

[0163] Although the atmosphere surrounding the 
electron emitting element after the stabilizing process 
and during its operation is preferably the atmosphere at 
the completion of the stabilizing process, it is not limited 
thereto, but sufficiently stable characteristics may be re- 
tained even if the vacuum degree is degraded if organic 
material was sufficiently drained. 
[0164] By retaining the vacuum atmosphere as 
above, it is possible to suppress of deposition of new 
carbon or carbon compound and to remove H 2 ) and 0 2 
attached to the vacuum chamber or substrate to thus 
stabilize the element current If and emission current le. 

[Fundamental Characteristics of Electron Emitting 
Element] 

[0165] The fundamental characteristics of an electron 
emitting element applicable to the invention obtained by 
the above processes will be described with reference to 
Figs. 6 and 7. 

[0166] Fig. 6 is a schematic diagram showing an ex- 
ample of a vacuum process system. This vacuum proc- 
ess system is also provided with a function of a meas- 
urement/evaluation system. In Fig. 6, like elements to 
those shown in Figs. 2A and 2B are represented by us- 
ing identical reference numerals. In Fig. 6, reference nu- 
meral 55 represents a vacuum chamber, and reference 
numeral 56 represents a vacuum pump. An electron 
emitting element is placed in the vacuum chamber 55. 
Reference numeral 1 represents a substrate on which 
an electron emitting element is formed, reference nu- 
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merals 2 and 3 represent element electrodes, reference 
numeral 4 represents a conductive film, and reference 
numeral 5 represents an electron emitting area. Refer- 
ence numeral 51 represents a power source for applying 
an element voltage Vf to the electron emitting element, 
reference numeral 50 represents an ammeter for meas- 
uring an element current If flowing through the conduc- 
tive thin film 4, and reference numeral 54 represents an 
anode electrode for capturing electrons (an emission 
current le) emitted from the electron emitting area 5. 
Reference numeral 53 represents a high voltage source 
for applying a voltage to the anode electrode 54, and 
reference numeral 52 represents an ammeter for meas- 
uring the emission current le from the electron emitting 
area 5. For example, the anode electrode voltage may 
be set in a range from 1 kV to 10 kV and a distance H 
between the anode electrode and electron emitting ele- 
ment may be set in a range from 2 mm to 8 mm to con- 
duct measurements. 

[01 67] Unrepresented instruments such as a vacuum 
meter necessary for the measurements in a vacuum at- 
mosphere are installed in the vacuum chamber 55, so 
that measurement/evaluation in a desired vacuum at- 
mosphere can be conducted. The vacuum pump 56 is 
constituted of a general high vacuum system such as a 
turbo pump and a rotary pump and an ultra high vacuum 
system such as an ion pump. The whole of the vacuum 
process system with the electron emitting element can 
be heated with an unrepresented heater. The power 
conduction forming process and following process can 
be performed by using this vacuum process system. 
[0168] Fig. 7 is a graph showing a relation among the 
emission current le, element current If, and element volt- 
age Vf measured with the vacuum process system 
shown in Fig. 6. In Fig. 7, since the emission current le 
is considerably smaller than the element current If, they 
are indicated by arbitrary scales. Both the ordinate and 
abscissa are indicated by a linear scale. 
[0169] As seen from Fig. 7, the emission current le of 
a surface conduction type electron emitting element ap- 
plicable to the invention has three characteristic fea- 
tures: 



captured by the anode electrode 54 can be control- 
led by the application time of the element voltage Vf . 

[0170] As can be understood from the foregoing de- 
5 scription, the electron emission characteristics of a sur- 
face conduction type electron emitting element applica- 
ble to the invention can be controlled easily by an input 
signal. By utilizing this feature, various application fields 
can be realized such as an electron source and an im- 
10 age forming apparatus with a plurality of electron emit- 
ting elements. 

[0171] In the example shown in Fig. 7, the element 
current If monotonously increases relative to the ele- 
ment voltage Vf (hereinafter called 'Ml characteristics"). 

*5 The element current If has in some cases a voltage con- 
trolled type negative resistance (hereinafter called "VC- 
NR characteristics"). In this case, the stable Ml charac- 
teristics can be obtained by performing the stabilizing 
process. These characteristics can be controlled by the 

20 above-described processes. 

[Electron Source and Image Forming Apparatus] 



(i) If a voltage equal to or larger than a certain volt- 
age (called a threshold voltage Vth shown in Fig. 7) 
is applied to the element, the emission current le 
increases abruptly, whereas if a voltage lower than 
the threshold value Vth is applied, the emission cur- 
rent hardly flows. Namely, the emission current le 
is non-linear having a threshold value (Vth) relative 
to Vf. 

(ii) Since the emission current le increases monot- 
onously with the element voltage Vf, the emission 
current le can be controlled by the element voltaqe 
Vf. 

(iii) An amount of charges captured by the anode 
electrode 54 depends on the time while the element 
voltage Vf is applied. Namely, the charge amount 



[01 72] Examples of an application of an electron emit- 
25 ting element applicable to the invention will be described 
hereinunder. If a plurality of surface conduction type 
electron emitting elements are disposed on a substrate, 
an electron source, an image forming apparatus, and 
the like can be configured. 
30 [0173] Various layouts of electron emitting elements 
may be incorporated. 

[0174] One example is a ladder type layout in which 
a number of rows are disposed in parallel in a row di- 
rection, each row having a plurality of surface conduc- 
es tion type electron emitting elements each having both 
terminals being connected by wiring patterns, and elec- 
trons to be emitted from the electron emitting elements 
are controlled by control electrodes (also called grids) 
disposed above the electron emitting element in a direc- 
40 tion (column direction) perpendicular to the wiring pat- 
terns. 

[0175] Another example is a simple matrix layout in 
which a plurality of electron emitting elements are dis- 
posed in a matrix shape in X- and Y-directions, ones of 
45 the two electrodes of respective electron emitting ele- 
ments disposed at the same row are connected in com- 
mon to the X-direction wiring pattern, and the others of 
the two electrodes of respective electron emitting ele- 
ments disposed at the same column are connected in 
so common to the Y-direction wiring pattern. The simple 
matrix layout will be detained hereinunder. 

[Electron Source of Simple Matrix Layout] 

55 [0176] A surface conduction type electron emitting el- 
ement applicable to the invention has the characteristic 
features (i) and (iii) described above. Specifically, an 
amount of electrons emitted from a surface conduction 
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type electron emitting element can be controlled in a 
range not smaller than the threshold value, in accord- 
ance with a peak value and width of a pulse voltage ap- 
plied across element electrodes facing each other. In a 
range not larger than the threshold value, electrons are 
hardly emitted. According to these characteristic fea- 
tures, even if a number of surface conduction type elec- 
tron emitting elements are disposed, the electron emis- 
sion amount of each element can be selectively control- 
led in accordance with an input signal by applying a 
proper pulse voltage. 

[0177] An electron source basing upon this operation 
principle and having a plurality of electron emitting ele- 
ments applicable to the invention will be described with 
reference to Fig. 8. In Fig. 8, reference numeral 71 rep- 
resents an electron source substrate, reference numer- 
al 72 represents an X-direction wiring pattern, and ref- 
erence numeral 73 represents a Y-direction wiring pat- 
tern. Reference numeral 74 represents a surface con- 
duction type electron emitting element, and reference 
numeral 75 represents an interconnect pattern. Each 
surface conduction type electron emitting element 74 
may be either a horizontal type or a vertical type de- 
scribed earlier. 

[0178] The X-direction wiring patterns 72 include m 
patterns Dx1, Dx2, .... Dxm and may be made of con- 
ductive metal or the like formed through vacuum vapor 
deposition, printing, sputtering, and the like. The mate- 
rial, thickness, and width of the wiring pattern can be 
designed as desired. The Y-direction wiring patterns 73 
include n patterns Dy1, Dy2, Dyn and may be formed 
by a method similar to that used for the X-direction wiring 
patterns 72. An unrepresented interlayer insulating lay- 
er is formed between the m X-direction wiring patterns 

72 and n Y-direction wiring patterns 73 to thereby elec- 
trically separate those patterns (m and n are both a pos- 
itive integer). 

[0179] The interlayer insulating film may be made of 
Si0 2 or the like formed through vacuum vapor deposi- 
tion, printing, sputtering or the like. For example, the in- 
terlayer insulating film is formed on the whole surface 
or partial surface of the substrate 71 with the X-direction 
wiring patterns 72. The film thickness, material, and 
process conditions are properly designed, particularly 
to be resistant against a potential difference at a cross 
point between the X- and Y-direction wiring patterns 72 
and 73. The X- and Y-direction wiring patterns 72 and 

73 are connected to external terminals. 

[0180] A pair of element electrodes (not shown) of 
each surface conduction type electron emitting element i 

74 is connected via the interconnect wiring patterns 
made of conductive metal or the like to corresponding 
ones of the m X-direction and n Y-direction wiring pat- 
terns 72 and 73. 

[0181] The wiring patterns 72 and 73, interconnect i 
patterns 75, and element electrodes may be made of 
materials having the same constituent elements or dif- 
ferent constituting elements. Proper materials are se- 



lected from those materials of the element electrodes 
described earlier. If the element electrodes and wiring 
patterns are made of the same material, the wiring pat- 
tern connected to the element electrode integrally con- 

s stitutes the element electrode. 

[0182] An unrepresented scan signal applying means 
is connected to the X-direction wiring patterns 72 to ap- 
ply a scan signal and select a row of the surface con- 
duction type electron emitting elements disposed in the 

io X-direction. An unrepresented modulating signal gener- 
ation means is connected to the Y-direction wiring pat- 
terns 73 to modulate each column of the surface con- 
duction type electron emitting elements disposed in the 
Y-direction, in accordance with an input signal. A drive 

s voltage applied to each electron emitting element is a 
difference voltage between the scan signal and modu- 
lation signal applied to the subject element. 
[0183] With the structure described above, each ele- 
ment can be selected and independently driven by using 

0 simple matrix wiring patterns. 

[Image Forming Apparatus with Simple Matrix Layout 
Electron Source] 

5 [0184] An image forming apparatus using an electron 
source with a simple matrix layout will be described with 
reference to Fig. 9, Figs. 1 0A and 10B, and Fig. 11. Fig. 
9 is a partially broken perspective view showing an ex- 
ample of a display panel of an image forming apparatus, 

> and Figs. 1 0A and 1 0B are schematic diagrams showing 
examples of a fluorescent film used with an image form- 
ing apparatus. Fig. 11 is a block diagram showing an 
example of a driver circuit for displaying NTSC television 
signals. 

[0185] In Fig. 9, reference numeral 71 represents an 
electron source substrate with a plurality of electron 
emitting elements, reference numeral 81 represents a 
rear plate to which the electron source substrate 71 is 
fixed, and reference numeral 86 represents a face plate 
constituted of a glass substrate 83 whose inner surface 
is formed with a fluorescent film 84, a metal back 85, 
and the like. Reference numeral 82 represents a support 
frame 82 to which the rear plate 81 and face plate 86 
are adhered with low melting point frit glass. 
[0186] Reference numeral 74 represents an electron 
emitting area such as shown in Figs. 2A and 2B. Refer- 
ence numerals 72 and 73 represent X- and Y-direction 
wiring patterns connected to pairs of element electrodes 
of the surface conduction type electron emitting ele- 
ments. 

[0187] An outer envelope 88 is constituted of the face 
plate 86, support frame 82, and rear plate 81 . The rear 
plate 81 is provided mainly for reinforcing the strength 
of the substrate 71 . If the substrate 71 itself has a suffi- 
cient strength, the rear plate 81 may be omitted. Namely, 
the support frame 82 is bonded directly to the substrate 
71 to constitute the outer envelope 88 with the face plate 
86, support plate 82, and substrate 71 . An unrepresent- 
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ed support called a spacer may be mounted between 
the face plate 86 and rear plate 81 to form the outer en- 
velope 88 having a sufficient strength resistance to the 
atmospheric pressure. 

[0188] Figs. 10A and 10B are schematic diagrams 
showing fluorescent films. The fluorescent film 84 is 
made of only fluorescent material in the case of a mon- 
ochrome display. In the case of a color display, black 
color conductive material 91 called a black stripe or 
black matrix and fluorescent material 92 are used. The 
black stripe or black matrix is provided in order to make 
black an area between fluorescent materials of neces- 
sary three primary colors and make color mixture or the 
like not conspicuous, and in order to suppress the con- 
trast from being lowered by external light reflection at 
the fluorescent film 84. The material of the black stripe 
may be a commonly used material whose main compo- 
nent is black lead, or a conductive material having less 
light transmission and reflection. 
[0189] Fluorescent material may be coated on the 
glass substrate 83 through precipating, printing and the 
like, irrespective of either a monochrome display or a 
color display. The metal back 85 is usually mounted on 
the inner surface of the fluorescent film 84. The objects 
of the metal back are to improve a luminance by mirror- 
reflecting light radiated to the inner surface from the flu- 
orescent material toward the face plate 86 side, to use 
the metal back as an electrode for applying an electron 
beam acceleration voltage, to protect the fluorescent 
material from damages to be caused by collision with 
negative ions generated in the outer envelope, and the 
like. After the fluorescent film is formed, the inner sur- 
face of the fluorescent film is subjected to a smoothing 
process (generally called "filming") and thereafter Al is 
deposited through vacuum vapor deposition to form the 
metal back. 

[0190] In order to improve the conductivity of the flu- 
orescent film 84 of the face plate 86, a transparent elec- 
trode (not shown) may be formed on the outer surface 
of the fluorescent film 84. 

[0191] In hermetically bonding the face plate 86, sup- 
port frame 82, and rear plate 81, it is necessary to reli- 
ably align the positions of each fluorescent material and 
electron emitting element, 



supply source 140. Specifically, the supply gas amount 
control means may be a slow leak valve capable of con- 
trolling a leak flow rate, a mass flow controller, or the 
like, although the selection of the supply gas amount 
5 control means depends on the type of a supply gas. An 
unrepresented power source is connected to the image 
forming apparatus 131. 



10 



[Forming Process] 



[0193] By using the system shown in Fig. 12, the in- 
side of the image forming apparatus 131 is evacuated, 
and thereafter the forming process is performed. For ex- 
ample, as shown in Fig. 15, Y-direction wiring patterns 
15 73 are connected to a common electrode 1 41 . A voltage 
pulse from a power source 142 is applied at the same 
time to those elements connected to one X-direction wir- 
ing pattern 72, to thereby perform the forming process. 
The waveform of a pulse voltage and the process com- 
20 pletion judgement conditions and the like may be deter- 
mined in accordance with the methods already de- 
scribed with the forming process for an independent el- 
ement. The forming process may be performed by se- 
quentially applying (scrolling) pulses with shifted phases 
25 to a plurality of X-direction wiring patterns, collectively 
for those elements connected to the patterns. In Fig. 1 5, 
reference numeral 143 represents a current measuring 
resistor, and reference numeral 144 represents an os- 
cilloscope for measuring the current 

30 

[Activating Process] 



[Manufacture Method for Image Forming Apparatus] 

[0192] Fig. 12 is a schematic diagram showing the 
outline of a system used for manufacturing an image 
forming apparatus. Two pipes 1 32 are coupled to an im- 
age forming apparatus 1 31 , one being connected to an 
evacuator 135 and the other being connected to a gas 
supply source 140 which stores a supply gas in an am- 
poule, bomb or the like. The two pipes 1 32 are connect- 
ed together via a circulator 201 and a moisture absorber 
202. A supply gas amount control means 139 for con- 
trolling a supply gas rate is connected to the pipe inter- 
connecting the image forming apparatus 131 and gas 



[0194] After the forming process, the activating proc- 
ess is performed. After the inside of the image forming 
55 apparatus 131 is sufficiently evacuated, a mixture gas 
containing organic material is introduced from the gas 
supply source 140 into the image forming apparatus. 
When a pressure corresponding to a viscous flow region 
is obtained, all the valves are closed to seal the mixture 
*o gas. Next, only the valves to the circulator 201 and mois- 
ture absorber 202 are opened to circulate the mixture 
gas in the image forming apparatus 131. 
[0195] In the atmosphere containing the organic ma- 
terial formed in the above manner, a voltage is applied 
^5 to each electron emitting element to deposit carbon, car- 
bon compound, or a mixture of them on an electron emit- 
ting area. Similar to the independent element described 
earlier, the electron emission amount increases drasti- 
cally. Similar to the forming process, a pulse voltage is 
50 applied at the same time to those connected to one X- 
direction wiring pattern. 

[Stabilizing Process] 



55 



[0196] Similar to the independent element, it is pref- 
erable to perform the stabilizing process after the acti- 
vating process. 

[0197] The image forming apparatus 131 is heated 
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and maintained at 80 to 250 °C. In this state, the inside 
of the image forming apparatus 1 31 is evacuated via the 
pipe 1 32 by the evacuator 1 35 not using oil such as an 
ion pump and a sorption pump to maintain an atmos- 
phere with less organic material. The pipe 132 is then 
melted and sealed by using a burner A getter process 
may be performed thereafter in order to maintain the 
pressure after the image forming apparatus 131 is 
sealed. With this getter process, a getter (not shown) 
disposed at a predetermined position in the image form- 
ing apparatus 1 31 is heated through resistance heating 
or high frequency heating, to thereby form a deposition 
film. The getter has usually Ba or the like as its main 
composition, and the atmosphere in the image forming 
apparatus 131 is maintained by the absorption function 
of the deposition film. 



[Driver Circuit for Electron Source] 

[0198] With reference to Fig. 11, an example of the 
structure of a driver circuit for displaying NTSC televi- 
sion signals on a display panel having an electron 
source of a simple matrix layout will be described. In Fig. 
11, reference numeral 101 represents an image display 
panel, reference numeral 102 represents a scan circuit, 
reference numeral 103 represents a control circuit, and 
reference numeral 104 represents a shift register. Ref- 
erence numeral 105 represents a line memory, refer- 
ence numeral 106 represents a sync signal separation 
crrcuit, reference numeral 107 represents a modulation 
signal generator, and Vx and Vy are d.c. voltage sourc- 
es. 

[0199] The display panel 101 is connected to an ex- 
ternal electronic circuit via terminals Dox1 to Doxm, ter- 
minals Doy1 to Doyn, and a high voltage terminal Hv A 
scan signal is sequentially applied to the terminals Dox1 
to Doxm to drive the electron source in the display panel, 
i.e., the surface conduction type electron emitting ele- 
ment group matrix-wired in an M rows x N columns one 
row (n elements) after another. 

[0200] A modulation signal is applied to the terminals 
Doyi to Doyn to control an output electron beam of each 
element of one-row surface conduction type electron 
emitting group selected by the scan signal. A d.c. volt- 
age of, for example, 1 0 kV, is applied from a d.c. voltage 
source Va to the high voltage terminal Hv. This d.c. volt- 
age is an acceleration voltage for imparting an energy 
sufficient for exciting the fluorescent material, to the 
electron beam radiated from the surface conduction 
type electron emitting element. 

[0201] The scan circuit 102 will be described The 
scan circuit 102 has M switching elements (S1 to Sm 
schematically shown in Fig. 11). Each switching element 
selects either an output voltage from a d.c. voltage 
source Vx or 0 V (ground level), and is electrically con- 
nected to a corresponding one of the terminals Dox1 to 
Doxm of the display panel 101. Each switching element 
S1 to Sm operates in response to a control signal Tscan 



output from the control circuit 103, and may be consti- 
tuted of an FET switching element, for example. 
[0202] The d.c. voltage source Vx is designed to out- 
put a constant voltage, in accordance with the charac- 
5 tenstics (electron emission threshold voltage) of a sur- 
face conduction type electron emitting element, so that 
a drive voltage applied to an element not scanned be- 
comes the threshold voltage or lower. 
[0203] The control circuit 103 has a function of con- 
'0 trolling each circuit so that a proper image can be dis- 
played in accordance with an externally input image sig- 
nal. The control circuit 1 03 supplies control signals such 
as Tscn, Tsft, and Tmry to each circuit synchronously 
with the sync signal Tsync supplied from the sync sep- 
15 aration circuit 106. 

[0204] The sync separation circuit 106 derives sync 
signal components and luminance signal components 
from an externally input NTSC television signal, and 
may be constituted of a general frequency separation 
20 (filter) circuit. Although the sync signal separated by the 
sync separation circuit 106 consists of a vertical sync 
signal and a horizontal sync signal, they are collectively 
shows as the Tsync signal in Fig. 11 for the convenience 
of description. The luminance signal components sep- 
25 arated from the television signal are represented by a 
DATA signal also for the convenience of description. The 
DATA signal is supplied to the shift register 104. 
[0205] The shift register 1 04 performs a serial/parallel 
conversion of the DATA signal input time sequentially 
30 and serially into parallel signals of each line of the im- 
age, and operates in response to the control signal Tsft 
supplied from the control circuit 103 (namely, the control 
signal Tsft is used as a shift clock of the shift register 
104). The serial/parallel converted data (corresponding 
55 to the drive data for the n electron emitting elements) of 
one line of the image is output from the shift register 104 
as n parallel signals Idl to Idn. 

[0206] The line memory 105 stores data of one line 
during a necessary time, i.e., stores the contents of Idl 
to Idn, in response to the control signal Tmry supplied 
from the control circuit 1 03. The stored contents are out- 
put to the modulation signal generator 107 as siqnals 
ld'1 to Id'n. 

[0207] The modulation signal generator 107 gener- 
is axes a signal for driving and modulating each of the sur- 
face conduction type electron emitting elements in ac- 
cordance with the image data ld'1 to Id'n. The output 
signals are applied via the terminals Doyi to Doyn to 
the surface conduction type electron emitting elements 
50 of the display panel 101 . 

[0208] As described earlier, the electron emitting ele- 
ment applicable to the invention has the following fun- 
damental features with respect the emission current. 
Specifically, electron emission is associated with a def- 
55 inite threshold voltage Vth, and occurs only when a volt- 
age of Vth or higher is applied. In a range of the voltage 
of Vth or higher, an emission current changes with an 
element application voltage. Therefore, for example in 
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applying a pulse voltage to the element, if a voltage not 
higher than the electron emission threshold voltage is 
applied, electron emission does not occur, whereas if a 
voltage not lower than the electron emission threshold 
voltage is applied, an electron beam is radiated. In this 
case, the intensity of the output electron beam can be 
controlled by changing the pulse peak voltage Vm. The 
total amount of charges of the output electron beam can 
be controlled by changing the pulse width Pw. 
[0209] Accordingly, as a method of modulating an 
electron emitting element in accordance with an input 
signal, a voltage modulation method, a pulse width mod- 
ulation method, and the like can be adopted. For the 
voltage modulation method, a voltage modulation circuit 
can be used as the modulation signal generator 107 in 
which circuit a voltage pulse of a constant duration is 
generated and the peak value of a pulse is modulated 
by input data. 

[0210] For the pulse width modulation method, a 
pulse width modulation circuit can be used as the mod- 
ulation signal generator 107 in which a voltage pulse of 
a constant peak value is generated and the pulse width 
is modulated by input data. 

[0211] The shift register 104 and line memory 105 
may be either a digital signal type or an analog signal 
type, so long as the serial/parallel conversion and stor- 
age of an image signal can be performed in a predeter- 
mined process time. 

[0212] If the digital signal type is used, it is necessary 
to convert the DATA signal output from the sync signal 
separation circuit 1 06 into digital signals. To this end, an 
A/D converter is provided at the output of the sync signal 
separation circuit 106. The modulation signal generator 
107 is changed slightly in accordance with whether the 
output signal of the line memory 105 is a digital signal < 
or an analog signal. Specifically, for the voltage modu- 
lation method using a digital signal, the modulation sig- 
nal generator 107 is additionally provided with, for ex- 
ample, a D/A converter and an amplifier circuit if neces- 
sary. For the pulse width modulation method, the mod- < 
ulation signal generator 1 07 is replaced by, for example, 
a high speed oscillator, a counter for counting a wave 
number of an output of the oscillator, and a comparator 
for comparing an output of the counter with an output of 
the line memory 105. If necessary, an amplifier may be 4 
added for voltage-amplifying the pulse width modulated 
signal output from the comparator up to a drive voltage 
of a surface conduction type electron emitting element. 
[0213] For the voltage modulation method using an 
analog signal, for example, an amplifier such as an op- & 
eration amplifier is used as the modulation signal gen- 
erator, and if necessary, a level shift circuit is added. For 
the pulse width modulation method, for example, a volt- 
age controlled oscillator (VCO) is used as the modula- 
tion signal generator, and if necessary, an amplifier is si 
added for voltage-amplifying an output of VCO up to a 
drive voltage of a surface conduction type electron emit- 
ting element. 



[0214] In the image displaying apparatus applicable 
to the invention and constructed as above, electron 
emission occurs when voltages are applied to each 
electron emitting element via corresponding ones of the 
s external terminals Doxl to Doxm and Doy1 to Doyn. The 
electron beam is accelerated by applying a high voltage 
to the metal back 85 or transparent electrode (not 
shown) via the high voltage terminal Hv. The accelerat- 
ed electrons collide with the fluorescent film 84 which 
io emits light and forms an image. 

[0215] The structure of the image forming apparatus 
described above is only one example of an image form- 
ing apparatus applicable to the invention. Various mod- 
ifications are therefore possible based upon the techni- 
cs cal concept of the invention. Instead of an NTSC inpu? 
signal, other television signals may also be used, such 
as PAL, SECAM, and television signals (MUSE, ana 
HDTV) having a number of scan lines larger than PAL 
and SECAM. 

20 

[Electron Source of Ladder Layout and Image Forming 
Apparatus] 

[0216] Next, a ladder layout electron source and an 
25 image forming apparatus will be described with refer- 
ence to Figs. 13 and 14. 

[0217] Fig. 1 3 is a schematic diagram showing an ex- 
ample of a ladder layout electron source. In Fig. 13, ref- 
erence numeral 110 represents an electron source sub- 
?o strate, and reference numeral 111 represents an elec- 
tron emitting element. Reference numeral 112 repre- 
sents common wiring patterns Dxl to Dx10 for connect- 
ing corresponding electron emitting elements. A plural- 
ity of element rows are disposed in parallel in the X-di- 
* rection on the substrate 110 to constitute the electron 
source, each element row having a plurality of electron 
emitting elements 111. A drive voltage is applied be- 
tween the common wiring patterns of each element row 
to independently drive the element row. Namely, a volt- 
o age not lower than the electron emission threshold volt- 
age is applied to the element row from which an electron 
beam is desired to be radiated, and a voltage not higher 
than the electron emission threshold voltage is applied 
to the element row from which an electron beam is not 
5 desired to be radiated. Of the common wiring patterns 
Dx2 to Dx9, Dx2 and Dx3 for example may be formed 
by the same wiring pattern. 

[0218] Fig. 14 is a partially broken perspective view 
showing an example of the panel structure of an image 
> forming apparatus having an electron source of a ladder 
layout. Reference numeral 120 represents a grid elec- 
trode, reference numeral 121 represents a through hole 
through which electrons pass, and reference numeral 
122 represents external terminals Dxo1, Dxo2, .... Dx- 
om. Reference numeral 123 represents external termi- 
nals G1, G2, .... Gn connected to the grid electrodes 
120, and reference numeral 110 represents an electron 
source substrate using the same wiring pattern for a pair 
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of common wiring lines between element rows. In Fig 
14, like elements to those shown in Figs. 9 and 13 are 
represented by using identical reference numerals A 
significant difference of the image forming apparatus 
shown in Fig. 14 from the simple matrix layout image 
forming apparatus shown in Fig. 9 is a presence of grid 
electrodes 120 between the electron source substrate 
110 and face plate 86. 

[0219] Referring to Fig. 14, the grid electrodes 1 20 are 
formed between the substrate 110 and face plate 86 
The grid electrode 120 is used for modulating electron 
beams radiated from the surface conduction type elec- 
tron emitting elements. The grid electrode 1 20 is a stripe 
shaped electrode disposed perpendicular to each ele- 
ment row of the ladder layout, and has a circular through 
hole 121 per each element in order to pass the electron 
beam therethrough. The shape and position of the grid 
are not limited to those shown in Fig. 14. For example 
a mesh having a number of holes may be used as the 
through hole 121 , and the grid may be disposed around 
or near the surface conduction type electron emittinq el- 
ement. 

[0220] The terminals 1 22 and 1 23 formed on the out- 
side of the outer envelope are electrically connected to 
an unrepresented control circuit. 
[0221] With the image forming apparatus described 
above, synchronously as the element rows are sequen- 
tially driven (scanned) one row after another, the mod- 
ulation signals of one line of an image are applied at the 
same time to the grid electrode columns. In this manner, 
radiation of each electron beam toward the fluorescent 
film can be controlled and an image can be displayed 
one line after another. 

[0222] The image forming apparatus of this invention 
can be used as display devices for television broadcast- 
ing, display devices for television conference systems 
and computers, or as an optical printer using a photo- 
sensitive drum and the like. 

[0223] The embodiment will be described more spe- 
cifically with reference to Fig. 1 . 

[0224] In this embodiment, the forming process and 
act.vat.ng process were performed by placing a surface 
conduction type electron emitting element in the vacu- 
um chamber 55. Reference numeral 1 represents a sub- 
strate constituting an electron emitting element refer- 
ence numerals 2 and 3 represent element electrodes 
reference numeral 4 represents a conductive film and 
reference numeral 5 represents an electron emitting ar- 
ea. Reference numeral 54 represents an anode elec- 
trode for capturing an emission current le emitted from 
the electron emitting area 5. The element electrodes 2 
and 3 and anode electrode 54 are disposed outside of 
the vacuum chamber 55 and respectively connected to 
an element driving power source (not shown) and an 
emission electron measuring high voltage source (not 
shown). 

[0225] The element placed in the vacuum chamber 
was manufactured by the embodiment method de- 



scribed above. The forming process was performed by 
applying a pulse voltage to the element placed in the 
vacuum chamber. The applied pulse had a triangular 
wave such as shown in Fig. SB, with the pulse width of 
1 msec and the pulse interval of 10 msec. The voltage 
was gradually raised during the forming process. 
[0226] In the next activating process, a mixture gas of 
nitrogen gas and acetylene at a partial pressure of 1 Pa 
was used. The mixture gas was introduced into the vac- 
io uum chamber 55 in the atmospheric pressure and there- 
after all the valves were closed. Thereafter, the valves 
to the circulator 201 and moisture absorber 202 were 
opened to circulate the mixture gas in the vacuum cham- 
ber by activating the circulator 201. 
'5 [0227] In this embodiment, four propellers were used 
as the circulator 201, and silica gel was used as the 
moisture absorber 202. Moisture in the vacuum cham- 
ber can therefore be removed. 

[0228] The applied pulse used during the activating 
process had a rectangular wave and a peak value of 1 5 
V. Under these conditions, the activating process was 
performed for 30 minutes. The element current If in- 
creased to 8 mA. 

[0229] Thereafter, the inside of the vacuum chamber 
was evacuated while it was evacuated, to thereby per- 
form the stabilizing process. The resultant electron 
emission characteristics of the element were If of 7 mA 
le of 1 0 uA, and an electron emission efficiency r| of 0 1 4 
% under the conditions of an applied voltage of 15 Vand 
3 ° an anode voltage of 1 kV. 



(Second Embodiment) 



[0230] The second embodiment will be described with 
35 reference to Fig. 1 2. 

[0231] In the seconds embodiment, an image forming 
apparatus with a plurality of surface conduction type 
electron emitting elements being disposed was manu- 
factured. The manufacture method was in Conformity 
"0 with the first embodiment method. The pipe 1 32 at a por- 
tion connecting to the image forming apparatus 121 is 
a glass tube. 

[0232] In this embodiment, the forming process was 
performed by connecting the Y-direction wiring patterns 
to the common electrode and applying a voltage pulse 
to the elements connected to the X-direction wiring pat- 
terns. The applied pulse had a triangular wave, a pulse 
width of 1 msec, and a pulse interval of 16.7 msec The 
voltage of the applied pulse was gradually raised 
[0233] For the activating process, a mixture gas of ni- 
trogen gas and acetylene at a partial pressure of 1 Pa 
was used. The pressure of introducing the mixture gas 
was 5 x 10 4 Pa. 

[0234] In this embodiment, a Roots pump was used 
as the circulator, and a cold trap cooled by refrigerant 
to -10°C was used as the moisture absorber. 
[0235] The applied pulse was a rectangular wave al- 
ternately changing its polarity, and had a peak value of 
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14 V. The pulses were applied for one hour. 
[0236] After the activating process, the stabilizing 
process was performed while the image forming appa- 
ratus was heated and the inside thereof was evacuated 
Then, the glass pipe was heated and melted by using a 
gas burner to hermetically seal the apparatus. Thereaf- 
ter, the characteristics of each element were evaluated 
The results were If of 4. 1 mA, le of 8.3 u_A, and an elec- 
tron emission efficiency n of 0.20 % as an average under 
the conditions of an applied voltage of 1 4 V and an an- 
ode voltage of 5 kV. A variation of the characteristics of 
elements was small, and an image forming apparatus 
of high quality with less luminance variation could be 
manufactured. 

[0237] In the first and second embodiments, the pres- 
sure of the mixture gas during the activating process 
was set to such a degree that the mixture gas was able 
to be used as the gas in the viscous flow region It was 
therefore possible to supply necessary gas quickly. It 
was also possible to suppress a variation of element 
characteristics. Since the activating process was able 
to be performed without using a high vacuum evacua- 
tion system, the manufacture cost was able to be low- 
ered. 

[0238] In the first embodiment, the pressure of the 
mixture gas during the activating process was set to the 
atmospheric pressure so that necessary gas was able 
to be supplied quickly. In the second embodiment, the 
pressure of the mixture gas was set to 5 X 10 4 Pa Ac- 
cordingly, though, a processing time more than the first 
embodiment was necessary, within sufficiently shorter 
time, an activation could be achieved. 
[0239] When the low manufacture cost is desired ap- 
proximately the atmospheric pressure or a pressure 
near the atmospheric pressure is utilized. However if 
the pressure is too high, the apparatus cost rises so that 
it is desired to set the pressure lower than about several 
number atmospheric pressure. 

[0240] Wherein the pressure may be set lower than 
the atmosphere. In such case, the pressure (total pres- 
sure in the container during the activating process) of 
the gas during the activating process may be 0 5 atmos- 
pheric pressure or lower, or 0.2 atmospheric pressure 
or lower, or most preferably 0.1 atmospheric pressure 
or lower. By setting the pressure lower, the characteristic 
improvement can be achieved. However, in order to ef- 
ficiently supply the gas, the pressure (total pressure in 
the container during the activating process) of the gas 
during the activating process is preferably higher than 
1 Pa, more preferably 100 Pa or higher, or most prefer- 
ably 1000 Pa or higher. 

[0241] In the first and second embodiments, since the 
gas during the activating process is circulated by using 
the circulator, the concentration distribution of the intro- 
duced source gas can be made uniform. The character- 
istics of elements can be made more similar. 
[0242] Since moisture generated during the process- 
es can be removed by the moisture absorber, adverse 



affects to be caused by moisture can be eliminated. 
(Third Embodiment) 



s [0243] The third embodiment of the invention will be 
described. 

[0244] Also in the activating process of the third em- 
bodiment, materials same as the first and second em- 
bodiments can be used as the organic material. As di- 
lution gas and inert gas, rare gas such as argon and 
helium, and nitrogen may be used. 
[0245] The mixture gas of organic material and inert 
gas is formed by controlling the gas flow rate if the or- 
game material is gas at a normal temperature. If the or- 
ganic material is liquid or solid, it may be evaporated or 
sublimated in a container and mixed with inert gas The 
mixture ratio of them can be adjusted by controlling the 
temperature of the container. 

[0246] Figs. 17A to 17C are schematic diagrams 
showing examples of an activating system, particularly 
rts process container, to be used by this embodiment 
and by fourth to sixth embodiments. In Figs 1 7 A to 1 7C 
only the element to be processed and the atmosphere 
are illustrated and the wiring lines, a power source, and 
the like for applying a pulse voltage are not shown Fig 
1 7 A shows the process container to be used by the third 
and fourth embodiments. Activating gas is introduced 
from the upper central portion of a container 1706 The 
ms.de of the container is at approximately an atmos- 
30 pheric pressure, and the gas drained from the lower 
edge of the container is properly processed by a local 
exhaust system or the like. Fig. 17B shows the system 
used by the fifth embodiment. An activating gas intro- 
duced into a container is not drained outside of the con- 
tainer, but is recycled via a circulating path. The system 
shown in Fig. 17C is used by the sixth embodiment A 
mesh 1707 ,s provided in the container. With this sys- 
tem, a plurality of electron emitting elements are proc- 
essed at the same time while the gas flow amount is 
prevented from being made different at positions where 
elements are placed, so that the activation process can 
be performed uniformly for each element. 
[0247] In the third embodiment, judgement of a com- 
pletion of the activating process is properly made by 
« measuring the element current If. The pulse width in- 
terval, peak value, and the like are properly set. 
[0248] The partial pressure of organic material in the 
vacuum chamber after the stabilizing process is per- 
formed after the activating process, is preferably set to 
a value capable of suppressing new deposition of car- 
bon or carbon compound, more preferably set to 1 x 
10-8 Torr, or most preferably set to 1 x 10-io Torr The 
pressure in the vacuum chamber is desired to be as low 
as possible, preferably 1 x 10-7 Torr or lower, or more 
55 preferably 1X10-8 Torr or lower. 

[0249] In manufacturing the image forming apparatus 
shown in Fig. 9, after the stabilizing process is per- 
formed, the electron source, image forming member 
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vacuum container forming member, and the like are 
bonded together by using frit glass or the like to assem- 
ble them. Then, the inside of the vacuum container is 
evacuated and the pipe is heated with a burner or the 
like to seal the apparatus. Thereafter, a getter process 
may be performed if necessary. The stabilizing process 
may be performed after the assembling process. 
[0250] Fig. 18 is a schematic diagram showing the 
outline of the system to be used when the stabilizing 
process is performed after the assembling process. An 
image forming apparatus 1801 is coupled to a vacuum 
chamber 1803 via an exhaust pipe 1802, and further to 
an air exhaust device via a gate valve 1804. A pressure 
gauge 1806 and a quadrature mass spectrometer 1807 
are mounted on the vacuum chamber 1803 to measure 
the inner pressure and a partial pressure of each com- 
position in the atmosphere of the vacuum chamber. 
Since it is difficult to measure the inner pressure of an 
outer envelope 98 of the image forming apparatus 1 801 , 
the inner pressure of the vacuum chamber 1803 is 
measured. 

[0251] The outer envelope 98 is heated and main- 
tained at a proper temperature of 80 to 250 °C. In this 
state, the inside space is evacuated via the exhaust pipe 
1802 by the air exhaust device 1803 not using oil such 
as a ion pump and a sorption pump to obtain an atmos- 
phere with sufficiently less organic material. After this 
atmosphere is confirmed by the pressure gauge 1806 
and quadrature mass spectrometer 1807, the exhaust 
pipe is heated with a burner and melted to seal the outer 
envelope 98. A getter process may be performed in or- 
der to maintain the pressure after sealing the outer en- 
velope 98. With this getter process, a getter (not shown) 
disposed at a predetermined position in the outer enve- 
lope 98 is heated through resistance heating or high fre- 
quency heating, to thereby form a deposition film imme- 
diately before or after sealing the outer envelope 98. The 
getter has usually Ba or the like as its main composition, 
and the atmosphere in the outer envelope 98 is main- 
tained by the absorption function of the deposition film. 
[0252] The third embodiment will be described more 
specifically. The electron emitting element formed by 
this embodiment has the structure schematically shown 
in Figs. 2A and 2B. 



vapor deposition. The film forming rate was 0.3 nm/sec 
and the film thickness was 100 nm. 
[0256] Next, the substrate was immersed in acetone 
to dissolve the resist mask to form element electrodes 
5 2 and 3 of Ni through lift-off. The space between the 
electrodes was 2 u,m and the electrode length was 500 
Jim (Fig. 4A). 



10 



(Process B) 



[0257] The substrate with the electrodes was cleaned 
with acetone, isopropanol, and butyl acetate, and dried 
to form a Cr film to a thickness of 50 nm through vacuum 
vapor deposition. Next, photoresist A21370 (manufac- 
tured by Hext Company) was coated with a spinner at 
2500 rpm for 30 seconds, and pre-baked at 90 °C for 
30 minutes. 

[0258] Next, an opening corresponding to a conduc- 
tive film was formed in the photoresist through exposure 
20 and development using a mask, and the photoresist was 
post-baked at 120 °C for 30 minutes to form a resist 
mask. 

[0259] Next, the substrate was immersed in etchant 
((NH 4 )Ce(N0 3 ) 5 /HCI/H 2 0 = 17 g / 5cc / 100 cc) for 30 

25 seconds to etch Cr exposed in the mask opening. The 
resist was removed by using acetone to form a Cr mask.- 
[0260] Next, organic Pd compound solution (ccp- 
4230: manufactured by Okuno Pharmaceutical Indus- 
tries Kabushiki Kaisha) was coated with a spinner at 800 

30 rpm for 30 seconds, and cured at 300 °C for 1 0 minutes 
to form a conductive film made of PdO fine particles. 
[0261] Next, the substrate was immersed in the etch- 
ant described above to remove the Cr mask and form a 
conductive film 4 of a desired pattern throuqh lift-off (Fia 

35 4C). 3 v y 

(Process C) 



(Process A) 

[0253] A substrate 1 made of quartz was cleaned with 
rinsing agent, pure water, and organic solvent, and 
thereafter, photoresist RD-2000N (manufactured by Hi- 
tachi Kasei Company) was coated (2500 rpm, 40 sec) 
with a spinner and pre-baked at 80 °C for 25 minutes. 
[0254] Next, by using a mask pattern corresponding 
to element electrodes, the photoresist was exposed in 
a contact manner, developed with developing liquid, and 
post-baked at 120 °C for 20 minutes to form a resist 
mask. 

[0255] Next, an Ni film was deposited through vacuum 



[0262] Next, the element was placed in the system 
40 schematically shown in Fig. 6. The inside of the vacuum 
chamber 55 was evacuated by the vacuum pump 56. 
After the inner pressure was set to 1 x 1 0*5 Torr or lower, 
triangular pulses gradually raising their peak values 
such as shown in Fig. 5B were applied between the el- 
45 ement electrodes 2 and 3. The pulse width T1 was 1 
msec and the pulse interval T2 was 10 msec. The form- 
ing process was completed at the peak value of about 
5.0 V. 

50 (Process D) 

[0263] The electron emitting element was taken out 
of the vacuum chamber and placed in the gas introduc- 
ing system schematically shown in Fig. 17A. An unrep- 
55 resented moisture removing filter is mounted on the gas 
introducing line to remove moisture in the gas. The in- 
troduced gas was a mixture gas of H 2 and C 2 H 2 , and 
the mixture ratio was controlled by a flow controller to 
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flow H 2 at 2 1/min and C 2 H 2 at 1 cc/min. Under this gas 
flow, a rectangular pulse having a constant peak value 
was repetitively applied between the element elec- 
trodes. The peak value was 14 V, the pulse width T3 
was 100 u,sec, and the pulse interval T4 was 10 msec. 

(Process E) 

[0264] This element was again placed in the system 
shown in Fig. 6. The element was maintained at 150 °C 
and the inside of the vacuum chamber was evacuated 
In about 3 hours, a pressure of 1 x 10-8 Torr was ob- 
tained. 

[0265] Next, after the element reached the room tem- 
perature, a voltage of 1 kV was applied to the anode 
electrode and the pulse voltages same as those in the 
process D were applied to measure the element char- 
acteristics. The distance between the anode electrode 
and element was set to 4 mm. 

[0266] The element current If was 5 mA, the emission 
current le was 7 uA and the electron emission efficiency 
t] (=le/lf) was 0.14%. 

[0267] With the manufacture method of this embodi- 
ment of the invention, the time required for the activating 
process and stabilizing process was sufficiently very 
short as compared to conventional processes 



[0270] The measurements under the same conditions 
as the third embodiment showed that the element cur- 
rent If was 4 mA, the emission current le was 4 4 uA 
and the electron emission efficiency r\ was 0. 1 1 %. 

(Fifth Embodiment) 

[0271] This embodiment shows an electron source 
having a matrix layout schematically shown in Fig. 8 and 
'* a manufacture method for an image forming apparatus 
using the electron source such as shown in Fig 9 Fig 
20 is a partial schematic plan view showing the structure 
of an electron source having a matrix layout according 
to the fifth embodiment. The cross sectional structure 
taken along polygonal line 21 - 21 in Fig. 20 is shown in 
Fig. 21 With reference to Figs. 22 to 28, the manufac- 
ture method for an electron source will be described and 
then a manufacture method for an image forming appa- 
ratus will be described 

20 

(Process A) 



(Fourth Embodiment) 

[0268] Acetone was used in the process D instead of 
acetylene. Acetone in a bubbler container was bubbled 
by using nitrogen gas, and a gas containing acetone va- 
por was introduced into the system shown in Fig 17A 
to perform the process similar to the process D The oth- 
er processes are the same as the third embodiment 
[0269] An N 2 gas containing acetone vapor was main- 
tained at approximately an atmospheric pressure in the 
system shown in Fig. 17A. As shown in a schematic di- 
agram of Fig. 19, the N 2 gas was obtained by passing 
N 2 gas through acetone 1902 in a multi-stage bubbling, 
system 1901. The bubbling system was maintained at 
25 c in a constant temperature bath 1 903, and N ? gas 
was introduced from a gas inlet port 1 904 so that the N 9 
gas containing acetone vapor at a saturated vapor pres- 
sure was flowed at 1 cnrVsec in one atmospheric pres- 
sure. The drained gas was mixed with high purity N, qas 
in a mixer 1 905 to dilute it by a hundredfold, and distrib- 
uted by 99 : 1 by a distributor 1 906. The gas distributed 
toward a cold trap 1 907 was drained after acetone was 
removed by the cold trap. The gas distributed to the oth- 
er direction was again diluted by a hundredfold and then 
diluted by a tenfold, in total by a 105-fold. The saturated 
vapor pressure of acetone at 25 °C is about 3 x 10 4 Pa 
Therefore, the partial pressure of acetone in the final 
gas introduced into the activating process chamber is 
about 3X10-1 Pa. The high pure N 2 gas had a purity of 
99.9999 % (6N) by taking into consideration such a high 
dilution ratio. 



[0272] On a cleaned blue plate glass, a silicon oxide 

25 u med 10 3 th ' CkneSS ° f 0 5 ^ m b V sputtering. 

On this substrate, Cr and Au were sequentially depos- 
ited to thicknesses of 5 nm and 600 nm respectively 
through vacuum vapor deposition. Thereafter, a lower 
wiring pattern 72 was formed through photolithography 
by using photoresist AZ1370 (manufactured by Hext 
30 Company) (Fig. 2A). 

(Process B) 

[0273] Next, an interlayer insulating film 2101 of sili- 
con ox.de was deposited through sputtering to a thick- 
ness of 1 urn (Fig. 23). 

(Process C) 

40 £ oo 4 l A pho,oresist P atte ™ for forming contact holes 
2102 through the interlayer insulating film was formed 
By using the photoresist pattern as a mask, the interlay- 
er insulating film 2101 was etched through reactive ion 
etching (RIE) using CF 4 and H 2 (Fig. 24). 

(Process D) 

[0275] A mask pattern having openings correspond- 
mg to the pattern of element electrodes was formed bv 
using photoresist (RD-2000N-41 : manufactured by Hi- 
tachi Kase. Company). By using this mask pattern 71 
and Ni were sequentially deposited to thicknesses of 5 
nmand 100nm respectively through vacuum vapor dep- 
osition. Next, the photoresist was removed by organic 
solvent to form element electrodes 2 and 3 by lift-off (Fig 
25). The space between the element electrodes was 3 

. MTV 



20 



39 



EP0 908 916 A1 



40 



(Process E) 



[0276] An upper wiring pattern 73 was formed by pho- 
tolithography using photoresist similar to the process A, 
the upper wiring pattern 73 having a laminated structure 
of 5 nm thick Ti and 500 nm thick Au (Fig. 26). 

(Process F) 

[0277] A conductive film 4 of PdO fine particles was 
formed through liftoff using a Cr mask similar to the 
process B of the third embodiment (Fig. 27). 

(Process G) 

[0278] A resist pattern covering the substrate except- 
ing contact holes 2102 was formed. Ti and Au were se- 
quentially deposited to thicknesses 5 nm and 500 nm 
through vacuum vapor deposition. The resist pattern 
was removed, and unnecessary portions of the depos- 
ited films were removed to fill the inside of a recess 
formed over the contact hole 2102 (Fig. 28). 

(Process H) 

[0279] The electron source was placed in the vacuum 
process system. Similar to the process C of the third em- 
bodiment, triangular pulses were applied via wiring pat- 
terns to perform the forming process and form an elec- 
tron emitting area. 

(Process I) 

[0280] The electron source was taken out of the vac- 
uum process system, and the activating process was 
performed under the same conditions as the process D 
of the third embodiment, by using the system schemat- 
ically shown in Fig. 17B. 



and form an outer envelope. The inner surface of the 
face plate was provided with a fluorescent film 84 and 
a metal back 85. The fluorescent film 84 of a stripe 
shape (Fig. 10A) was formed through printing. As the 
5 black conductive body, the material whose main com- 
ponent was graphite was used. The metal back was 
formed by vapor depositing Al after the inner surface of 
the fluorescent film was smoothed (filmed). 
[0285] In the above-described assembling process, 
io the fluorescent film and electron emitting elements were 
sufficiently and correctly aligned in position. The outer 
envelope was provided with a getter (not shown). 
[0286] The inside of the outer envelope of the image 
forming apparatus was evacuated. After the pressure 
is was set to 1 x 1 0-6 Torr or lower, the getter process was 
performed through high frequency heating, and the ex- 
haust pipe was heated with a burner and the outer en- 
velope was sealed. 

[0287] A driver circuit was connected to the appara- 
20 tus, and a TV signal was supplied and displayed. It was 
possible to stably display an image of high quality. 

(Sixth Embodiment) 

25 [0288] The processes similar to the processes A to I 
of the fifth embodiment were performed. In the process 
I, however, the system schematically shown in Fig. 17C 
was used. An outer envelope was formed by the assem- 
bling process. The stabilizing process was performed at 
^o 1 50 °C for 5 hours while the inside of the outer envelope 
was evacuated via the exhaust pipe, until the pressure 
reached 1X10-6 Torr. Next, the getter process was per- 
formed and the exhaust pipe was sealed to complete an 
image forming apparatus. Similar to the fifth embodi- 
es ment, it was possible to stably display an image of high 
quality 



(Seventh Embodiment) 



(Process J) 

[0281] Next, the electron source was again placed in 
the vacuum process system, and the stabilizing process 
was performed in the manner similar to the process E 
of the third embodiment. The pressure reached 1 x 10' 8 
Torr in about 3 hours. 

[0282] The electron emission characteristics were 
measured in a manner similar to the third embodiment. 
All the elements emitted electrons normally. 
[0283] An image forming apparatus having the struc- 
ture shown in Fig. 9 was manufactured by using the 
above-described electron source. 
[0284] An electron source substrate 71 was fixed to a 
rear plate 81. A face plate was disposed on a support 
frame 82 at a position higher than the substrate by 5 
mm. Frit glass was coated on junction areas and main- 
tained in a nitrogen atmosphere at 400 °C for 1 0 minutes 
to adhere the substrate, support frame, and face plate 



40 [0289] A manufacture method of this embodiment 
constitutes processes illustrated in Fig 29 "CLEAN 
SUBSTRATE" to "EXAMINATION STEP' at steps Si to 
S5 shown in the left side are steps for manufacturing an 
electron emitting element or electron source. Steps 
& "FORM IMAGE FORMING MEMBER" to "SEAL EX- 
HAUST TUBE" at steps S7 to S11 shown in the right 
side are used for manufacturing an image forming ap- 
paratus using the electron source. 
[0290] The first feature of this embodiment resides in 
50 that a forming step S3, an activating step S4, and a sta- 
bilizing step S5 are all performed at a pressure of ap- 
proximately an atmospheric pressure. The stabilizing 
step S5 is not necessarily required to be performed at 
a pressure of approximately an atmospheric pressure. 
55 The term "approximately atmospheric pressure" means 
an atmospheric pressure or a pressure near the atmos- 
pheric pressure, which satisfies the conditions that a 
process container used for the process does not require 
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a large system such as a vacuum process system in or- 
der to form and maintain the necessary inner atmos- 
phere of the container. Specifically, the approximately 
atmospheric pressure is a pressure in a range from one 
several number-th of one atmospheric pressure to a s 
several number atmospheric pressure, and preferably 
in a range from 0.5 to 1 .5 atmospheric pressure, and 
more preferably in a range of +/- 20 % of one atmos- 
pheric pressure. 

[0291] In this embodiment, at least the forming step io 
S3 and activating step S4 are performed at approxi- 
mately an atmospheric pressure. It is preferable that the 
stabilizing step S5 is also performed at approximately 
an atmospheric pressure. 

[0292] For the process to be performed at approxi- is 
mately an atmospheric pressure, a container used for 
the process is not required to be serious about small 
leak, such as in the case of a vacuum process chamber. 
Furthermore, there is a relatively small possibility that 
the conditions of the activating step are greatly affected 20 
by gas molecules attached to the inner wall of the con- 
tainer and released therefrom into the container. If the 
pressure is about one atmospheric pressure, it is not 
necessary to provide a mechanical strength of the con- 
tainer resistance to a pressure difference between the 25 
outside and inside of the container. Therefore, the proc- 
ess container can be simplified considerably 
[0293] Such a process is performed by introducing a 
gas into the container with an electron emitting element 
or an electron source to be processed, to thereby form 30 
a desired atmosphere in the container. 
[0294] If the process continues long without supplying 
gas after the container is once filled with gas, the atmos- 
phere around the electron emitting element may 
change. In order to prevent this, it is preferable to form 35 
a gas flow capable of being sufficiently introduced into 
the container and drained from the container. 
[0295] Fig. 30A is a schematic diagram showing an 
example of the structure of a container used for the proc- 
esses of the seventh embodiment. A holder holding an 40 
electron emitting element or electron source 3007 is 
covered with a container 7001. The lower end 3002 of 
the container is pushed against an O-ring 3003 to pre- 
vent gas leak. The container 3001 is provided with a gas 
inlet port 3004, and the holder 3005 is provided with gas 4$ 
outlet ports 3006. A gas having desired compositions is 
introduced via the gas inlet port 3004 into the container 
and the same amount of gas is drained from the gas 
outlet ports 3006. Alternatively, as shown in Fig. 30B, a 
container 3001 may have a double structure to provide so 
both gas inlet and outlet ports on the container side. Oth- 
er structures may also be used if they can perform suf- 
ficiently the operation of introducing and draining de- 
sired gas. 

[0296] Since there is no too large a pressure differ- ss 
ence between the inside and outside of the container, 
the O-ring 3003 and corresponding lower end 3002 of 
the container are not required to have a strict air tight- 



ness. During the activating process using such a con- 
tainer, the pressure distribution of introduced gas be- 
comes small and the characteristic variation of electron 
emitting elements can be suppressed. 
[0297] As shown in Fig. 31 , instead of mounting or dis- 
mounting the container, the electron emitting element or 
electron source to be processed may be transported in 
and out of box-like containers having a transport inlet 
and a transport outlet. In this case, it is preferable to 
form a proper flow of gas such as inert gas not only in 
the containers 3 1 01 to 31 03 but also in the transport inlet 
(sample inlet) 3105, junctions 3104, and the transport 
outlet (sample outlet, not shown). 
[0298] Although not shown in Fig. 31 , connection ter- 
minals for applying a voltage to an electron emitting el- 
ement or electron source are provided if necessary for 
the process. 

[0299] The more specific description will be given 
hereinunder. 

[0300] On a cleaned substrate, element electrodes, a 
conductive film, and a necessary wiring pattern of a sur- 
face conduction type electron element are formed. 
These components may be formed by vacuum vapor 
deposition, sputtering, patterning by photolithography, 
printing, or ink jetting. 

[0301] After these components are formed, a degas- 
sing process is performed, for example, by heating the 
surface conduction type electron emitting element at a 
temperature not damaging the element electrodes, wir- 
ing pattern, and conductive film. Thereafter, the forming 
process is performed. 

[0302] With the forming process, an electron emitting 
area is formed by applying a pulse voltage such as 
shown in Fig. 5A or 5B. The atmosphere in the process 
chamber may be formed by various gases, depending 
upon the material of the conductive film or the like. For 
example, rare gas such as helium (He) or inert gas such 
as nitrogen (N 2 ) may be used. Although inert gas gen- 
erally means only rare gas belonging to group 0 of the 
periodic table, inert gas includes both rare gas and N 2 
gas and the like in this specification. A oxidizing atmos- 
phere such as an atmosphere containing oxygen may 
be used. This atmosphere is particularly useful if the 
conductive film is made of metal oxide and it is neces- 
sary to prevent the metal oxide from being reduced by 
Joule heat generated by a pulse voltage application. A 
reducing atmosphere such as an atmosphere contain- 
ing hydrogen gas may also be used. For example, if the: 
conductive film is made of fine particles of metal oxid- 
relatively likely to be reduced, such as PdO, the fine pa. 
tides are reduced and facilitated to be aggregated b^ 
adding a small amount of hydrogen gas in the atmos- 
phere while pulse voltages having a constant peak value 
(in the degree that the electron emitting area is hard to 
be formed by these voltages) such as shown in Fig. 5A 
are applied. In this manner, the electron emitting area 
can be formed even if the power of the pulse voltages 
is relatively small. 
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[0303] A completion of the forming process can be de- 
tected as in the following. During the period between 
forming pulse voltages, a pulse voltage having a peak 
value of about 0.1 V (in the degree that the conductive 
thin film is not broken, deformed, or decomposed) is ap- 
plied, and current is measured to check the resistance 
value of the conductive film. When the resistance value 
per one element exceeds 1 M£2, the forming process is 
terminated. 

[0304] Next, the activating process is performed to 
deposit a deposit substance containing at least carbon 
in the electron emitting area formed by the forming proc- 
ess and in its nearby area. The electrical characteristics 
of an element can therefore be changed greatly. More 
specifically, an electron emitting element or electron 
source is placed in the process container. A mixture gas 
of organic material gas (or vapor) and inert gas (argon, 
helium, nitrogen, or the like) is introduced and drained. 
In the atmosphere of this mixture gas flow, pulse voltag- 
es are repetitively applied across the element elec- 
trodes. If the organic material of the mixture gas is a gas 
in a room temperature, such as methane, ethylene, and 
acetylene, the mixture ratio is adjusted by using a gas 
flow controller or the like. If the organic material of the 
mixture gas is a liquid in a room temperature, such as 
acetone and ethanol, inert gas is bubbled in the organic 
material liquid to add vapor to this liquid. After the tem- 
perature of the bubbling apparatus is controlled correct- 
ly and the organic material vapor at the saturated vapor 
pressure is formed, this vapor is mixed with inert gas not 
containing vapor to thereby control the mixture ratio. 
[0305] Next, the stabilizing process is performed be- 
cause of the following reason. Organic material mole- 
cules attached to the electron emitting element or elec- 
tron source may become source material of the deposit 
substance on the electron emitting area. Therefore, the 
deposit substance containing at least carbon is depos- 
ited further and the electron emission characteristics 
may become unstable. The stabilizing process removes 
such unnecessary attached organic material molecules. 
This process is performed by heating the electron emit- 
ting element or electron source while proper gas is in- 
troduced and drained. Heating makes the attached or- 
ganic material molecules easy to be detached. The de- 
tached molecules are transported by the gas flow to the 
outside of the container. If the detached organic material 
molecules again attach to the inner wall of the process 
container, they are difficult to be detached and may be 
left in the container if the container temperature is low. 
It is therefore preferable to heat also the container itself. 
If the heating process is performed while the voltage 
pulse having a peak value used in general is applied to 
the electron emitting element, this stabilizing process 
can be performed more effectively in some cases. 
[0306] Gas having a proper oxidizing nature may be 
introduced into the container. In this case, attached or- 
ganic material molecules are oxidized and changed 
mainly to C0 2 , CO, H 2 0 and the like. These gases are 



not always easy to be drained. However, as compared 
to organic material molecules polymerized to some ex- 
tent, these gases are much easier to be drained and the 
goal of this process can be achieved easily. 
s [0307] The stabilizing process may be performed in a 
low vacuum of the container by using a simple evacua- 
tor. Although a large system for high vacuum such as a 
turbo pump and an ion pump may be used as the evac- 
uator, the goal of this process can be achieved by a more 
10 simple evacuator used for a preliminary evacuation 
such as a scroll pump. Therefore, both the container and 
evacuator are not so bulky. It does not take a long time 
for evacuation, so that this process can be adopted as 
a constituent process of the invention without contradict- 
*5 ing with the object of the invention. 

[0308] In manufacturing an image forming apparatus 
by sealing the electron emitting element or electron 
source formed by the above processes in a glass vac- 
uum container for example, it is preferable to confirm 
before the sealing whether the electron emitting element 
or electron source is formed normally 
[0309] In order to confirm this, the electrical charac- 
teristics of the electron emitting element, i.e., the rela- 
tion between the element voltage Vf and element cur- 
rent If, are be measured. For more perfect confirmation, 
the electron emission characteristics are measured by 
placing the electron emitting element or electron source 
in a measuring vacuum system and actually emitting 
electrons. Although this latter method is very reliable, it 
takes a time to sufficiently evacuate the inside of the 
vacuum system and the system itself becomes bulky. 
Therefore, the confirmation method of lowest cost is 
adopted by considering all the processes. 
[0310] Next, the electron emitting element or electron 
source formed by the above processes is sealed in a 
vacuum container, together with the image forming 
member and other necessary members which are also 
sufficiently degassed in advance through heating or the 
like. After the vacuum container with the members con- 
tained therein is formed, the inside of the vacuum con- 
tainer is evacuated and the exhaust pipe is heated with 
a burner or the like to seal the vacuum container The 
evacuator to be used is an oil-free evacuator so as not 
to diffuse organic material in the vacuum. 
[031 1] The getter process may be performed thereaf- 
ter. With this getter process, a getter (not shown) dis- 
posed at a predetermined position in the vacuum con- 
tainer is heated through resistance heating or high fre- 
quency heating, to thereby form a deposition film. The 
getter has usually Ba or the like as its main composition, 
and the atmosphere in the vacuum container is main- 
tained by the absorption function of the deposition film. 
The getter process may be performed after the inside of 
the vacuum container is sufficiently evacuated, or be- 
fore the exhaust pipe is melted for the sealing. 
[031 2] Instead of evacuating the inside of the vacuum 
container via the exhaust pipe, the assembling process 
may be performed by placing necessary members in a 
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vacuum chamber capable of assembling the vacuum 
container therein. 

[0313] As shown in Fig. 9, the electron source has 
electron emitting elements disposed in the X- and Y-di- 
rections in a matrix shape, ones of respective element s 
electrodes of a plurality of electron emitting elements 
disposed in the same row are connected in common to 
the X-direction wiring pattern, and the others of the re- 
spective element electrodes of a plurality of electron 
emitting elements disposed in the same column are con- 10 
nected in common to the Y-direction wiring pattern. As 
shown in Figs. 13 and 14, in the electron source of the 
ladder layout type, a number of electron emitting ele- 
ment rows are disposed in the row direction, the element 
electrodes of each of a plurality of electron emitting el- is 
ements being connected to respective wiring patterns, 
and control electrodes (grids) are disposed in the col- 
umn direction perpendicular to the wiring patterns above 
the electron emitting elements to thereby control the 
emission of electrons from each electron emitting ele- 20 
ment. 

[0314] The seventh embodiment will be described 
more specifically. 

[0315] This embodiment provides a method of manu- 
facturing a single surface conduction type electron emit- zs 
ting element. The structure of a surface conduction type 
electron emitting element is shown in the schematic di- 
agrams of Figs. 2A and 2B. Fig. 2A is a plan view and 
Fig. 2B is a cross sectional view 

30 

(Process A) 

[0316] After a substrate 1 made of quartz glass was 
cleaned, Ti and Pt were sequentially deposited to thick- 
nesses of 5 nm and 60 nm respectively through sputter- 3S 
ing. Element electrodes 2 and 3 were formed by pattern- 
ing the Ti and Pt films through ordinary photolithography 
(Fig. 2A). The space L between the electrodes was set 
to 2 ujti. 

40 

(Process B) 

[031 7] Next, Cr was deposited to a thickness of 50 nm 
through sputtering and openings corresponding to a 
conductive film 4 was formed through the Cr film. Next, 45 
organic Pd compound solution (ccp-4320: manufac- 
tured by Okuno Pharmaceutical Industries CO., LTD.) 
was coated and cured at 300°C for 12 minutes in the 
atmospheric air to form a PdO fine particle film. Next, 
the Cr film was removed by Cr etchant to form the con- so 
ductive film 4 of a desired shape (Fig. 2B). 

(Process C) 

[031 8] Next, the forming process was performed. The ss 
processes from the forming process to the stabilizing 
process were performed by using the process system 
having the process containers 3101 to 3103 intercon- 



nected by the junctions 3104. Each of the process con- 
tainers, i.e., the forming process container 3101, acti- 
vating process container 3102, and stabilizing process 
container 3103 (partially shown in Fig. 31), is provided 
with a gas inlet pipe 31 06 and a gas outlet pipe 31 07 for 
introducing and draining gas necessary for each proc- 
ess. The transport inlet 31 05 is connected to the forming 
process container 3101, and the transport outlet (not 
shown) is connected to the stabilizing process container 
3103. The junctions 3104, transport inlet 3105, and 
transport outlet are also provided with a gas inlet pipe 
31 06 and a gas outlet pipe 31 07 to form a proper atmos- 
phere therein. Reference numeral 3108 represents a 
transport device. 

[0319] The element after the process B is held by a 
sample holder 3109. The holder 3109 has wiring leads 
to the element which are connected to power sources 
and the like outside of the process system. The sample 
holder 3109 with the element is placed in the transport 
inlet 3105 and mounted on the transport device 3108 to 
be transported to the forming process container 3101. 
The insides of the transport inlet 31 05 and forming proc- 
ess container 31 01 are filled with N 2 at one atmospheric 
pressure; To this end, N 2 gas was flowed through the 
gas inlet pipe 3106 and gas outlet pipe 3107. 
[0320] Triangular voltage pulses gradually raising 
their peak value such as shown in Fig. 5B were applied 
across the element electrodes via connection terminals 
(not shown) to form the electron emitting area 5. Al- 
though not shown, rectangular pulses having a peak val- 
ue of 0.1 V were applied during the periods between 
forming pulses, and current was then measured to 
check the element resistance. The forming process was 
terminated when the resistance exceeded 1 MQ. 

(Process D) 

[0321] The sample holder 3109 was transported into 
the activating process container 31 02 to perform the ac- 
tivating process. The inside of the activating process 
container 31 09 was maintained approximately at one at- 
mospheric pressure of the N 2 gas atmosphere contain- 
ing acetone vapor. This gas was produced by passing 
N 2 gas through acetone 1 902 in the multi-stage bubbling 
system 1901 schematically shown in Fig. 19. The bub- 
bling system was maintained at 25°C in a constant tem- 
perature bath 1 903, and N 2 gas was introduced from the 
gas inlet port 1 904 so that the N 2 gas containing acetone 
vapor at a saturated vapor pressure was flowed at 1 
cm 3 /sec at one atmospheric pressure. The drained gas 
was mixed with high purity N 2 gas in the mixer 1 905 to 
dilute it by a hundredfold, and distributed by 99 : 1 by 
the distributor 1 906. The gas distributed toward the cotd 
trap 1 907 was drained after acetone was removed by 
the cold trap. The gas distributed to the other direction 
was again diluted by a hundredfold and then diluted by 
a tenfold, in total by a 10 5 -fold. The saturated vapor 
pressure of acetone at 25° C is about 3 x 1 0 4 Pa. There- 
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fore, the partial pressure of acetone in the final gas in- 
troduced into the activating process chamber is about 3 
x 10 1 Pa. The high pure N 2 gas had a purity of 99.9999 
% (6N) by taking into consideration such a high dilution 
ratio. s 
[0322] Voltage pulses were applied across the ele- 
ment electrodes in the above-described gas flow. The 
voltage pulses had a rectangular wave, a peak value of 
14 V, a pulse interval of 10 msec, and a pulse width of 
1 msec. The activating process was terminated after the io 
pulses were applied for 30 minutes. 

(Process E) 

[0323] Next, the sample holder was transported into is 
the stabilizing process container 3103 to perform the 
stabilizing process. N 2 gas was introduced and drained 
through the container, and maintained at 150°C and at 
approximately one atmospheric pressure. After the ele- 
ment was maintained in the stabilizing process contain- 20 
er for 7 hours, it was placed in the measuring vacuum 
chamber 66 schematically shown in Fig. 6. 
[0324] The anode electrode 54 for capturing electrons 
emitted from the element is provided facing the electron 
emitting elements. The distance L between the element 25 
and anode electrode was set to 5 mm. Reference nu- 
meral 56 represents an ultra high vacuum evacuator 
combined with an ion pump and a scroll pump. The in- 
side of the vacuum chamber was evacuated with this 
evacuator to 10 -8 Pa or lower. 30 
[0325] Rectangular pulse voltages having a peak val- 
ue of 14 V generated by a pulse generator 51 were ap- 
plied across the element electrodes 2 and 3, and the 
element current If was measured with an ammeter 50. 
A high voltage of 1 kV from a high voltage source 53 35 
was applied to an anode electrode 54, and the emission 
current le was measured with an ammeter 52. 

(Comparison Example) 

40 

[0326] The processes A and B of the seventh embod- 
iment were performed. Next, the following processes 
were performed. 

(Process D) *s 

[0327] The element was placed in the vacuum proc- 
ess system and the inside thereof was evacuated to 1 0" 3 
Pa or lower. This vacuum process system is not only 
being capable of evacuating the vacuum chamber but so 
also being capable of introducing proper gas, and has 
terminals for connecting to the wiring patterns of the el- 
ement. It took 1 hour and 15 minutes to lower to the 
above -described pressure. 

[0328] First, the forming process was performed. Tri- ss 
angular pulses with their peak value being gradually 
raised such as shown in Fig. 5B were applied across the 
element electrodes to form the electron emitting area. 
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(Process E) 

[0329] Next, the activating process was performed. 
After the pressure in the vacuum chamber was lowered 
once to 1 x 10 -6 Pa, acetone was introduced and the 
pressure was set to 3 x 1 0 -1 Pa. Then, rectangular puls- 
es of 14 V were applied across the element electrodes. 
It took 3 hours to obtain the pressure of 3 X 10" 1 Ps 
because of the first lowered pressure. The pulse interval 
and width were set to the same values as the seventh 
embodiment. After the pulses were applied for 30 min- 
utes, the activating process was terminated. 

(Process F) 

[0330] Next, the stabilizing process was performed. 
While the inside of the vacuum chamber was evacuated, 
the vacuum chamber and element were heated to 150 
°C and maintained at this temperature. After the heating 
and evacuation for 1 0 hours, the pressure lowered more 
than 1 x P* 6 Pa so that the stabilizing process was ter- 
minated. 

[0331] The element was taken out of the vacuum 
chamber and placed in the measuring vacuum chamber 
described above to perform the measurements same as 
the seventh embodiment. 

[0332] All of the elements showed the characteristics 
shown in Fig. 7. Both the If-Vf and le-Vf characteristics 
had a definite threshold value and showed the monoto- 
nous increase characteristics (Ml characteristics) at an 
element voltage not smaller than the threshold value. 
These characteristics did not change unless a voltage 
of 14V or higher was applied, and were independent 
from the pulse peak value (not higher than 14 V), pulse 
width and interval during the measurements. After the 
pulse application was stopped from some time, the 
measurements were resumed. Also in this case, a phe- 
nomenon that a large current flows temporarily was not 
found. 

[0333] As above, although any of the elements had 
the characteristics stabilized to a similar extent, as com- 
pared to the comparison example, the seventh embod- 
iment was able to greatly shorten the time required for 
evacuating the inside of the vacuum container and the 
manufacture cost was able to be prevented from becom- 
ing high. The manufacture system did not require the 
vacuum process system used by the comparison exam- 
ple, and was able to prevent the system from becoming 
bulky and the cost from becoming high. 

(Eighth Embodiment) 

[0334] The eighth embodiment provides an electron 
source having a number of surface conduction type 
electron emitting elements wired in a matrix shape and 
an image forming apparatus using such an electron 
source. The manufacture processes will be described 
with reference to Figs. 32A to 32E. 
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(Process A) 

[0335] On a cleaned blue plate glass, an Si0 2 layer 
having a thickness of 0.5 u,m was formed through sput- 
tering, and this was used as a substrate 1 . 
[0336] On this substrate, element electrodes 2 and 3 
of a surface conduction type electron emitting element 
were formed through sputtering and photolithography. 
The material of the element electrodes was a lamination 
of 5 nm thick Ti and 1 00 nm thick Ni. The space between 
element electrodes was set to 2 uxn (Fig. 32 A). 

(Process B) 

[0337] Next, Ag paste was printed to have a predeter- 
mined shape and cured to form Y-direction wiring pat- 
terns 91. The width of the wiring pattern was 100 jam 
and the thickness was about 10 ujti (Fig. 32B). 

(Process C) 

[0338] Next, an insulating film 3202 was formed 
through printing by using paste having PbO as its main 
composition and mixed with glass binder. This insulating 
film insulates the Y-direction wiring patterns 3201 from 
X-direction wiring patterns to be described later. The in- 
sulating film had a thickness of about 20 u.m. A recess 
3202 was formed in the insulating film in an area where 
the element electrode 3 overlapped, in order to ensure 
an electrical connection between the X-direction wiring 
pattern and element electrode (Fig. 32C). 

(Process D) 

[0339] The X-direction wiring patterns 3204 were 
formed on the insulating film 3202 (Fig. 32D). The pat- 
terns 3204 were formed by the method same as that 
used for the Y-direction wiring patterns. The width of the 
pattern was 300 jim and the thickness thereof was about 
10 [xm. 

(Process E) 

[0340] A conductive film 4 made of PdO fine particles 
was formed. Aqueous solution of organic Pd compound 
was applied as droplets to a predetermined area by us- 
ing a bubble jet ink printer, and dried. Thereafter, a heat- 
ing process was performed at 300 °C for 10 minutes in 
the atmospheric air to form a PdO fine particle film (Fig. 
32E). 

(Process F) 

[0341] Next, the forming process was performed by 
using the process system same as that used by the sev- 
enth embodiment. 

[0342] The electron source are wired as shown in Fig. 
33 for the processes to follow. X-direction wiring pat- 



terns 3201 each have a lead extending to the outside of 
the process container 3303 via field through holes 3304. 
Y-direction wiring patterns 3204 are all connected to a 
common electrode 3302. A lead connected to the com- 
5 mon electrode 3302 extends to the outside of the proc- 
ess container via a field through hole 3304. Reference 
numeral 3301 represents an electron emitting element. 
A pulse generator 3305 is connected between the com- 
mon electrode and one of the X-direction wiring pattern. 
10 Reference numeral 3306 represents a current measur- 
ing resistor, and reference numeral 3307 represents a 
current monitor. Similar to the seventh embodiment, tri- 
angular pulses gradually raising their peak value were 
applied during the forming process, and during the pe- 
15 riod between forming pulses, a rectangular pulse having 
a peak value of 0.1 V was applied to measure current 
and check a resistance value. When the resistance val- 
ue exceeded 100 k£2, the forming process for the elec- 
tron emitting elements connected to the X-direction wir- 
ing pattern was completed. Next, the pulse generator 
3305 was connected to the next X-direction wiring pat- 
tern to repeat the above operations. In this manner, elec- 
tron emitting areas were formed on all the electron emit- 
ting elements. 

(Process G). 

[0343] Next, the activating process was performed. 
Similar to the seventh embodiment, N 2 gas containing 
acetone was introduced and rectangular pulses having 
a peak value of 18 V were applied to each of the X-di- 
rection wiring patterns, using the circuit connection sim- 
ilar to the process F. When the detected current amount 
became roughly saturated, the next X-direction wiring 
pattern was connected to repeat the above operation 
and complete the activating process for all the electron 
emitting elements. 

(Process H) 

[0344] Next, the stabilizing process was performed. 
Similar to the seventh embodiment, the electron source 
was maintained at 1 50 °C for 7 hours in an N 2 gas flow. 

(Process I) 

[0345] The electrical characteristics of each element 
of the electron source were measured to confirm wheth- 
er or not there is any short circuit. 

(Process J) 

[0346] A glass vacuum container and an image form- 
ing member were prepared for combining them with the 
electron source. The glass vacuum container is consti- 
tuted of a face plate, a rear plate, and a support frame, 
and is provided with an exhaust pipe for evacuating the 
inside of the vacuum container. The image forming 
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member is constituted of a fluorescent film and a metal 
back laminated on the inner surface of the face plate. 
[0347] In this embodiment, the stripe structure shown 
in Fig. 10A was used as the fluorescent film. After the 
filming process was performed, Al was deposited s 
through vacuum vapor deposition to form the metal 
back. 

[0348] The face plate including the image forming 
member, rear plate, and support frame were subjected 
to a heat treatment at 450 °C for one hour in an N 2 gas to 
flow to remove unnecessary attached substances. 
[0349] The electron source was fixed to the rear plate, 
and then the rear plate, face plate, and exhaust pipe 
were assembled and fixed to form the vacuum contain- 
er. In this case, the electron source and image forming is 
member were precisely aligned in position. Frit glass 
was used as adhesive and heated at 400 °C in the at- 
mospheric air to fix the assembly. The image forming 
apparatus manufactured by the above processes has 
the structure schematically shown in Fig. 9. Reference 20 
numeral 81 represents a rear plate, reference numeral 

82 represents a support frame, and reference numeral 

83 represents a face plate. With these components, a 
vacuum container (outer envelope) 88 is manufactured. 
Reference numeral 84 represents a fluorescent film, ?s 
and reference numeral 85 represents a metal back. 
These components constitute the image forming mem- 
ber. Reference numeral 901 represents an exhaust pipe 

for evacuating the inside of the vacuum container 88. 
Reference numeral 87 represents a high voltage termi- 30 
nal connected to the metal back 85 to apply a voltage 
to the image forming member and accelerate electrons. 
A getter (not shown) is also disposed around the elec- 
tron source. 

35 

(Process K) 

[0350] The exhaust pipe was connected to an ultra 
high vacuum evacuator to evacuate the inside of the 
vacuum container to a pressure of 10~ 6 Pa or lower. *o 

(Process L) 

[0351] The exhaust pipe was heated with a burner to 
seal the vacuum container. Next, the getter was heated 45 
through high frequency heating to perform the getter 
process and complete the image forming apparatus. 
[0352] A matrix driving operation was performed by 
applying a voltage of 5 kV to the high voltage terminal 
of the image forming apparatus. It was confirmed that so 
the image forming apparatus operated normally 

(Ninth Embodiment) 

[0353] The ninth embodiment provides an electron ss 
source and an image forming apparatus using the elec- 
tron source, similar to the eighth embodiment. The proc- 
esses A to E of the eighth embodiment were performed. 



(Process F) 

[0354] The forming process was performed. The elec- 
tron source was placed in a forming process chamber 
into which N 2 gas was introduced. The connection is 
fundamentally the same as that shown in Fig. 33, ex- 
cepting that a switching device is connected between 
the pulse generator 3305 and the X-direction wiring pat- 
terns to sequentially switch between the X-direction wir- 
ing patterns each time one pulse is applied. Rectangular 
pulses having a peak value of 5 V and a pulse width of 
100 u-sec were sequentially applied to each X-direction 
wiring pattern. 

[0355] Next, the gas introduced into the chamber was 
changed to a mixture gas of 99 % N 2 and 1 % H 2 . 
[0356] The resistance of each element increased first 
very little, then gradually lowered, and thereafter in- 
creased abruptly to make a high resistance. In this man- 
ner, the electron emitting area was formed. A lower limit 
of explosion concentration of H 2 is 4 % in the atmos- 
pheric air. Therefore, a specific anti-explosion installa- 
tion was not used for the mixture gas, with ordinary ven- 
tilation around the chamber 

(Process G) 

[0357] The activation process was performed. A mix- 
ture gas of 99 % N 2 and 1 % CH 4 was introduced into 
an activating process chamber. Since a lower limit of ex- 
plosion concentration of methane CH 4 is 5 % in the at- 
mospheric air, a specific anti-explosion installation was 
not used for the mixture gas. 

[0358] Similar to the process F, pulse voltages were 
applied. The pulse voltage had a peak value of 5 V at 
the start time, gradually raised at a rate of 0.5 V/min, 
and was fixed when the peak value of 18 V was ob- 
tained. 

[0359] This process was terminated when an in- 
crease of a monitored current value became generally 
saturated. 

(Process H) 

[0360] Next, the stabilizing process was performed. 
N 2 gas was introduced into a stabilizing process cham- 
ber, and the stabilizing process continued at 150 °C for 
5 hours. During the first one hour, pulses having a peak 
value of 18 V were applied similar to the process G. 

(Process I) 

[0361] The If-Vf characteristics of each electron emit- 
ting element were measured. It was confirmed that all 
the elements operated normally. 

[0362] Thereafter, similar to the eighth embodiment, 
the electron source, an image forming member, and a 
vacuum container were combined to form an image 
forming apparatus. The normal operation was con- 
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firmed while a voltage of 5 kV was applied to the high 
voltage terminal. The emission current of each electron 
emitting element was slightly larger than the eighth em- 
bodiment. 

5 

(Tenth Embodiment) 

[0363] The tenth embodiment provides an electron 
source and an image forming apparatus using the elec- 
tron source, similar to the eighth embodiment. The proc- w 
esses A to E of the eighth embodiment were performed. 

(Process F) 

[0364] The electron source was placed in a forming is 
process chamber into which dried air was introduced. 
The electron forming area was formed by the forming 
method similar to the eighth embodiment. 

(Process G) 

[0365] THe electron source was placed in an activat- 
ing process chamber into which a mixture gas of 99.95 
% N 2 and 0.05 % C 2 H 2 was introduced. Similar to the 
eighth embodiment, pulse voltages were applied to the 25 
electron source to perform the activating process. 

(Process H) 
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[0366] The electron source was placed in a stabilizing 
process chamber into which a mixture gas of 95 % N 2 
and 5 % 0 2 was introduced. The inside of the chamber 
was maintained at 150 °C for 3 hours. 
[0367] Thereafter, each electron emitting element 
was inspected in the manner similar to that described 35 
earlier, and similar to the eighth embodiment, the image 
forming apparatus was manufactured. The operation 
was checked, and the results generally the same as the 
eighth embodiment were obtained. 

(Eleventh Embodiment) 

[0368] After the processes up to the process G of the 
eighth embodiment were performed, the stabilizing 
process was performed in the following manner. 45 

(Process H) 

[0369] The electron source was placed in a vacuum 
chamber the inside of which was evacuated by a scroll so 
pump to a pressure of 10' 3 Pa. It took 15 minutes to ob- 
tain this pressure. Next, after the vacuum chamber was 
heated to 150 °C, it was maintained for 10 hours while 
the evacuation was conducted. The vacuum chamber 
had a very simple structure connected to the scroll pump 
via a simple valve. 

[0370] Thereafter, each electron emitting element 
was inspected in the manner similar to that described 



earlier, and similar to the eighth embodiment, the image 
forming apparatus was manufactured. The operation 
was checked, and the results generally the same as the 
eighth embodiment were obtained. 
[0371 ] In each embodiment described above, activat- 
ing source material can be supplied uniformly and quick- 
ly. Since a high vacuum atmosphere is not used during 
the activating process, it is not necessary to evacuate 
and if necessary drain after the activating process the 
inside of an activating process chamber in which an 
electron emitting element or electron source is placed, 
prior to the activating process. It is therefore possible to 
shorten greatly the total process time, and it is particu- 
larly suitable for mass production. Since the process is 
not performed by connecting a vacuum chamber by a 
vacuum transport path, it is not necessary to use such 
a bulky and very expensive manufacture system. 
[0372] If the activating process and following process 
are performed in the same vacuum chamber, organic 
material is introduced into the vacuum chamber for the 
activating process, and it is drained in the stabilizing 
process. The organic material introduced into the vacu- 
um chamber in the stabilizing process is attached great- 
ly in amount not only to the electron emitting element or 
electron source but also to the inner wall of the vacuum 
chamber. It takes a long time to remove the attached 
organic material. However, in the embodiment, a con- 
tainer in an atmosphere in the activating process is dif- 
ferent from a container used in the following process. 
Therefore, even if organic material is attached to the 
container used for the activating process, the following 
process is not adversely affected so that the manufac- 
ture process time can be shortened. 
[0373] As described so far, according to the present 
invention, a time required for manufacturing an electron 
emitting element, an electron source, or an image form- 
ing apparatus can be shortened and the manufacture 
cost can be lowered. 
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A method of manufacturing an electron source with 
an electron emitting element, comprising the steps 
of: 

depositing a deposit substance in an area in- 
cluding at least an area of the electron emitting 
element from which area electrons are emitted, 
wherein said depositing step is performed in an 
atmosphere of a gas containing at least a 
source material of the deposit substance, the 
gas having a mean free path allowing the gas 
to take a viscous flow state. 

A method of manufacturing an electron source ac- 
cording to claim 1 , wherein the gas atmosphere has 
a pressure of 1 Pa or higher. 
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3. 



A method of manufacturing an electron source with 
an electron emitting element, comprising the steps 
of: 

depositing a deposit substance in an area in- 
cluding at least an area of the electron emitting 
element from which area electrons are emitted, 
wherein said depositing step is performed in an 
atmosphere of a gas containing at least a 
source material of the deposit substance, the 
gas atmosphere having a pressure of 1 Pa or 
higher. 

A method of manufacturing an electron source ac- 
cording to any one of claims 1 to 3, wherein the gas 
atmosphere has a pressure of 100 Pa or higher. 

A method of manufacturing an electron source ac- 
cording to any one of claims 1 to 3, wherein the gas 
atmosphere has a pressure of 100 Pa or higher. 

A method of manufacturing an electron source ac- 
cording to any one of claims 1 to 5, wherein the gas 
atmosphere has several number atmospheric pres- 
sure or lower. 2 s 

A method of manufacturing an electron source ac- 
cording to any one of claims 1 to 5, wherein the gas 
atmosphere has 1 .5 atmospheric pressure or lower. 
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A method of manufacturing an electron source ac- 
cording to any one of claims 1 to 5, wherein the gas 
atmosphere has 0.5 atmospheric pressure or lower. 

9. A method of manufacturing an electron source ac- 
cording to any one of claims 1 to 5, wherein the gas 
atmosphere has 0.2 atmospheric pressure or lower. 

10. A method of manufacturing an electron source ac- 
cording to any one of claims 1 to 5, wherein the gas 
atmosphere has 0. 1 atmospheric pressure or lower. 
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gas contains a source material of the deposit sub- 
stance and a gas of nitrogen, helium, or argon. 

15. A method of manufacturing an electron source ac- 
cording to any one of claims 1 to 11, wherein the 
gas contains carbon or carbon compound and a gas 
of nitrogen, helium, or argon. 

16. A method of manufacturing an electron source ac- 
cording to any one of claims 1 to 15, wherein said 
depositing step deposits the deposit substance in 
the atmosphere by applying a voltage to the area 
where electrons are emitted. 

17. A method of manufacturing an electron source ac- 
cording to any one of claims 1 to 16, wherein the 
area from which electrons are emitted is near at a 
first gapped area between conductive materials fac- 
ing each other, and said depositing step deposits 
the deposit substance over the facing conductive 
materials to form a second gapped area narrower 
than the first gapped area. 

18. A method of manufacturing an electron source ac- 
cording to any one of claims 1 to 17, further com- 
prising a first gapped area forming step of forming 
the first gapped area. 

19. A method of manufacturing an electron source ac- 
cording to claim 18, wherein said first gapped area 
forming step forms the first gapped area by supply- 
ing a power to the conductive film where the first 
gapped area is formed. 

20. A method of manufacturing an electron source ac- 
cording to claim 1 8 or 1 9, wherein said first gapped 
area forming step is performed at a pressure nearly 
equal to the pressure used for said depositing step. 



40 21. 



11 



A method of manufacturing an electron source ac- 
cording to any one of claims 1 to 3, wherein the gas 
atmosphere has approximately an atmospheric 
pressure. 



12. A method of manufacturing an electron source ac- 
cording to any one of claims 1 to 11, wherein the 
gas is a gas made of a source material of the deposit 
substance diluted with dilution gas. 
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13. 



A method of manufacturing an electron source ac- 
cording to claim 12, wherein the dilution gas is an 
inert gas. 
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14. A method of manufacturing an electron source ac- 
cording to any one of claims 1 to 11, wherein the 



A method of manufacturing an electron source ac- 
cording to claim 1 8 or 1 9, wherein said first gapped 
area forming step and said depositing step are per- 
formed at an approximately atmospheric pressure. 

22. A method of manufacturing an electron source ac- 
cording to any one of claims 1 to 21, wherein said 
depositing step is performed in a container capable 
of being evacuated into the atmosphere. 

23. A method of manufacturing an electron source ac- 
cording to claim 22, wherein a step after said de- 
positing step is completed is performed by using a 
container different from the container used during 
said depositing step. 

24. A method of manufacturing an electron source ac- 
cording to claim 22 or 23, wherein the container 
used during said depositing step is provided with 
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means for diffusing the gas. 



25. A method of manufacturing an electron source ac- 
cording to any one of claims 22 to 24, wherein said 
depositing step is performed by introducing the gas, s 
into the container. 



26. 



A method of manufacturing an electron source ac- 
cording to claim 25, wherein said depositing step is 
performed by flowing the gas through the container. 10 

27. A method of manufacturing an electron source ac- 
cording to any one of claims 22 to 26, wherein said 
depositing step is performed in a container having 
an inlet port and an outlet port for the gas. is 

28. A method of manufacturing an electron source ac- 
cording to any one of claims 22 to 27, wherein dur- 
ing said depositing step, the gas drained from the 
container is again introduced into the container. 20 

29. A method of manufacturing an electron source ac- 
cording to claim 28, wherein before the gas is again 
introduced into the container, unnecessary sub- 
stances are reduced from the gas drained from the 
container. 

30. A method of manufacturing an electron source ac- 
cording to claim 28, wherein before the gas is again 
introduced into the container, moisture is reduced 
from the gas drained from the container. 
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31. A method of manufacturing an electron source ac- 
cording to any one of claims 1 to 30, further com- 
prising a step of reducing an amount of the gas in 35 
the atmosphere after said depositing step. 

32. A method of manufacturing an electron source ac- 
cording to any one of claims 1 to 31, wherein the 
electron emitting element is a cold cathode ele- 40 
ment. 

33. A method of manufacturing an electron source ac- 
cording to any one of claims 1 to 31, wherein the 
electron emitting element is a surface conduction 45 
type electron emitting element. 

34. A method of manufacturing an electron source ac- 
cording to any one of claims 1 to 33, wherein a plu- 
rality of electron emitting elements are formed. so 

35. A method of manufacturing an image forming ap- 42. 
paratus having an electron source and an image 
forming member for forming an image by using elec- 
trons radiated from the electron source, comprising ss 

the step of integrating the image forming member 
with an electron source manufactured by the meth- 
od recited in any one of claims 1 to 34. 



36. A manufacture apparatus for manufacturing an 
electron source with an electron emitting element, 
comprising: 

a container capable of introducing a gas there- 
into; and 

means for introducing the gas in said container, 
the gas containing at least a source material of 
a deposit substance deposited in an area at 
least including an area of the electron emitting 
element from which electrons are emitted, 
wherein said introducing means introduces the 
gas in a viscous flow state. 

37. A manufacture apparatus for manufacturing an 
electron source with an electron emitting element, 
comprising: 

a container capable of introducing a gas there- 
into; and 

means for introducing the gas in said container, 
the gas containing at least a source material of 
a deposit substance deposited in an area at 
least including an area of the electron emitting 
element from which electrons are emitted, 
wherein said introducing means introduces the 
gas at 1 Pa or higher of the atmosphere in the 
container. 

38. A manufacture apparatus for manufacturing an 
electron source according to claim 36 or 37, further 
comprising circulating means for introducing the 
gas drained from the container again into the con- 
tainer. 

39. A manufacture apparatus for manufacturing an 
electron source according to claim 36 or 37, further 
comprising pipe means for introducing the gas 
drained from the container again into the container. 

40. A manufacture apparatus for manufacturing an 
electron source according to claim 38 or 39, further 
comprising means for removing moisture in the gas 
to be again introduced into the container. 

41. A manufacture apparatus for manufacturing an 
electron source according to any one of claims 36 
to 40, wherein the container covers a member con- 
taining at least the area where the deposit sub- 
stance is formed. 



A manufacture apparatus for manufacturing an 
electron source according to any one of claims 36 
to 40, further comprising transport means for trans- 
porting a member contain ing at least the area where 
the deposit substance is formed, into the container. 
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